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Moore’s Law
and the race to the bottom 

By G. Dan Hutcheson
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• “The definition of “Moore’s Law” has come to refer to almost anything 
related to the semiconductor industry that when plotted on semi-log paper 
approximates a straight line.” – Gordon Moore

• Moore’s Law postulates that the level of chip complexity doubles in a period 
of time.

• That cost of manufacturing a transistor decreases at a rate that is nearly 
inversely proportional to the increase in the number of components.  

• Because, the cost of making any given integrated circuit at optimal 
transistor density levels is essentially constant in time.

• So the cost per component, or transistor, is cut roughly in half for each tick 
of Moore’s clock.

Moore’s Law: The Definition
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So far, nothing seems to get in the way – despite recurring dire 
predictions that started as early as 1968.

Moore's Law: Still going strong after 40 years.
(April 19, 1965 to 2005)
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F 1 Moore's Law

		YEAR						TRANSISTORS										INITIAL		TRANSISTORS		K Trans																																																				Annual Shrinkage						TRANSISTORS

		IN						(K)										AREA		(K)		Per																																																										(Average, K)

		PRODUCTION		YEAR		Early IC'S		MPU's		DRAM's								MM^2				CM^2																																																				Average		MPU		DRAM				MPU		DRAM

		Jan-59		1959		0.001																																																																		1959.0								0.001

				1960																																																																				1960.0

				1961																																																																				1961.0

		Dec-61		1962		0.007						2.8																				6.964404506368992																																								1962.0		91%						0.007

		Jan-63		1963		0.017						4.1																				17.148375400580683																																								1963.0		143%						0.017

		Jun-64		1964		0.028						4.8																				27.857618025475972																																								1964.0		65%						0.028

		Feb-65		1965		0.06						5.9																				59.7141114583557																																								1965.0		114%						0.06

				1966																																																																				1966.0

				1967																																																																				1967.0

				1968																																																																				1968.0

				1969																																																																				1969.0

				1970		2.048																																																																		1970.0		103%						2.048

		Nov-1971		1971				2.3		3.8		4004.0				4004.0		18		2		0.0013												1971		1972		1974		1976		1978		1979		1981		1982		1984		1985		1987		1989		1990		1993		1993		1995		1995		1996		1997		1971.0		49%		12%		86%				2.3		3.8

		Feb-1972		1972				4.0				6800.0																						2.3		4.0		6.0				28.0		68.0				134.0		190.0		275.0		273.0		1200.0		1170.0		3300.0		2800.0		5500.0		3600.0		6900.0		15950.0		1972.0		74%		74%						4.0

				1973																																																																				1973.0

		Apr-1974		1974				6.0		10.0		8080.0				8080.0		40		6		0.0015												3.8				10.0		36.0						104.0						297.0				1180.0				4700.0								19000.0		76000.0		1974.0		30%		22%		38%				6.0		10.0

				1975																																																																				1975.0

		Jan-1976		1976						36.0																																																														1976.0		90%				90%						36.0

				1977																																																																				1977.0

		Jun-1978		1978				28.0				8086.0				8086.0		72		28		0.0039																																																		1978.0		47%		47%						28.0

		Jul-1979		1979				68.0				68000.0																																																												1979.0		143%		143%						68.0

				1980																																																																				1980.0

		Jan-1981		1981						104.0																																																														1981.0		24%				24%						104.0

		Feb-1982		1982				134.0				286.0				286.0		90		134		0.0149																																																		1982.0		25%		25%						134.0

				1983																																																																				1983.0

		May-1984		1984				190.0				68020.0																																																												1984.0		19%		19%						190.0

		Oct-1985		1985				275.0		297.0		386DX				386.0		107		297		0.0278																																																		1985.0		37%		45%		30%				275.0		297.0

				1986																																																																				1986.0

		Mar-1987		1987				273.0				68030.0																																																												1987.0

				1988																																																																				1988.0

		Apr-1989		1989				1200.0		1180.0		486DX				486DX2		168		1200		0.0714																																																		1989.0		43%		45%		41%				1200.0		1180.0

		Nov-1990		1990				1170.0				68040.0																																																												1990.0

				1991																												Also:																																								1991.0

				1992												Pentium		294		3300		0.1122																																																		1992.0

		Mar-1993		1993				3300.0		4700.0		Pentium																				Nov-1993		PwrPC601		2800.0																																				1993.0		35%		29%		41%				3300.0		4700.0

				1994												P Pro		309		5500		0.1783																																																		1994.0

		Nov-1995		1995				5500.0				Pentium Pro				P3		217		15950		0.7350										Dec-1995		PwrPC604		3600.0																																				1995.0		29%		29%						5500.0

		Dec-1996		1996				6900.0		19000.0		PwrPC620																																																												1996.0		42%		25%		59%				6900.0		19000.0

				1997				7500.0				Pentium III																																																												1997.0

		Dec-1998		1998				15950.0		76000.0		Pentium III				P4		243		49000		2.0146																																																		1998.0		76%		52%		100%				15950.0		76000.0

		Dec-1999		1999				24000.0				Pentium III				Itanium - 2		465		221000		4.7527																																																		1999.0						-100%						0.0

				2000						152000.0						Itanium - 3		374		410000		10.9626																																																		2000.0

		Jan-2001		2001				42000.0				Pentium 4																																																												2001.0		-31%		38%		-100%				42000.0		0.0

				2001

				2002				55000.0		304100.0		Pentium 4

				2003				220000.0				Intel Itanium

				2004

				2005				4100000.0		608200.0		Intel Itanium 2

		YEAR						TRANSISTORS

		IN						(K)				DRAM																																																												Average Annual Reduction Rate

		PRODUCTION																																																																						1959-1965		103%

																																																																								1966-1975		69%		36%		71%

		Jan-1971						3.8				1K																						0.0		1.0																																				1976-1985		55%		56%		48%

		Jun-1974						10.0				4K																						2.0		4.0																																				1986-1995		37%		32%		47%

		Jan-1976						36.0				16K																						4.0		16.0																																				1996-2001		29%		39%		-10%

		Jan-1981						104.0				64K																						6.0		64.0																																				1976-2001		45%		45%		21%

		Jan-1985						297.0				256K																						8.0		256.0																																				Average Months to Double Device Complexity

		Aug-1989						1180.0				1M																				1.15234375		10.0		1024.0																																				1959-1965		12

		Feb-1993						4700.0				4M																				1.1474609375		12.0		4096.0																																				1966-1975		17		33		17

		Sep-1996						19000.0				16M																				1.15966796875		14.0		16384.0																																				1976-1985		22		22		25

		Dec-1998						76000.0				64M																				1.15966796875				65536.0																																				1986-1995		32		38		25

		Jan-2000						152000.0				128M																				1.1598587036132812				131072.0																																				1996-2001		41		31		-118

		Jan-2002						304100.0				256M																				1.1600494384765625				262144.0																																				1976-2001		27		27		58

		Jan-2005						608200.0				512M																				1.1600494384765625				524288.0																																				1976-2001		0		0		0



8088 was introduced in 79.  The difference was that it was an 8 bit MPU instead of a 16 bit.  According to Howard High at Intel.  The total # of transistors was roughly the same and the speed was the same for both chips. -- GDH 3/31/97

G. Dan Hutcheson:
Gordon Moore's Paper in 1965.   With the exception of 1959's Transistor, all through 65 are bipolar logic. -- gdh 2/3/02

Source Intel.
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G. Dan Hutcheson:
Gordon Moore's Paper in 1965.   With the exception of 1959's Transistor, all through 65 are bipolar logic. -- gdh 2/3/02

Source Intel for their MPU's  Motorola MPUs come from them.
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F 2 CD's

								Annual		Annual						Quoted		Wafer		Pixels		Avg Trans		Leading Edge				nanometer		1/1000000000		1.0E-9

								Linear		Areal		Lithography				Throughput		Size		Per		Per		Trans Per		Efficiency

		CD (mils)		YEAR		CD (nm)		Shrink (%)		Shrink (%)		Method								Sq CM		Sq CM		Sq CM																												YEAR		CD		Lithography Technology		Etch

																				(M)		(M)		(M)		Pxls/Trans																												(microns)

		10		1957		254000						Camel's Hair Brush, Hand Painting				2				0.002																																1957.0		254.000		Camel's Hair Brush, Hand Painting		Wet

		5		1958		127000		50%		75%		Silk Screen Printer		1958.0		10				0.006																																1958.0		127.000		Silk Screen Printer

		3		1959		76200		40%		64%		Contact Printer W/Emulsion Plates								0.02																																1959.0		76.200		Contact Printer W/Emulsion Plates

		2		1960		50800		33%		56%		Contact Printer W/Emulsion Plates								0.04																																1964.0		16.000		Contact Printer W/Chrome Plates

				1961																																																1972.0		8.000		Proximity Aligner

		1		1962		25400		29%		50%		Contact Printer W/Emulsion Plates								0.16																																1974.0		5.000		Projection Aligner		Barrel Plasma

		CD (microns)		1963																																																1982.0		2.000		g-line Stepper		Planar Plasma

		16		1964		16000		21%		37%		Contact Printer W/Chrome Plates								0.39																																1984.0		1.500				Reactive Ion Etching

				1965																		0.00004																														1988.0		1.000				High Density Plasma

				1966																		0.00006																														1990.0		0.800		i-line Stepper

				1967																		0.00006																														1997.0		0.250		248nm Scanner

				1968																		0.00015																														2003.0		0.090		193nm Scanner

		10		1969		10000		9%		17%		Contact Printer W/Chrome Plates								1		0.00053				1888

				1970																		0.00094

				1971																		0.00123

		8		1972		8000		7%		14%		Proximity Aligner				30				2		0.00144				1088

				1973																		0.00219

		5		1974		5000		21%		38%		Projection Aligner				30				4		0.00324				1236

				1975																		0.00303

		4		1976		4000		11%		20%		Projection Aligner				60				6		0.00303				2061

				1977																		0.00390

				1978																		0.00512

		3		1979		3000		9%		17%		Projection Aligner				120				11		0.00771				1442

		0		1980																		0.01005

				1981																		0.01924

		2.0		1982		2000		13%		24%		g-line Stepper				60				25		0.01881				1329

				1983																		0.02329

		1.50		1984		1500		13%		25%		g-line Stepper				90				44		0.02540				1750

				1985																		0.03794

		1.3		1986		1250		9%		17%		g-line Stepper								64		0.04249				1506

				1987																		0.06230

		1.0		1988		1000		11%		20%		g-line Stepper								100		0.08675				1153

				1989																		0.12350

		0.8		1990		800		11%		20%		i-line Stepper								156		0.15064				1037

				1991																		0.22772

				1992																		0.38828

		0.60		1993		600		9%		17%		i-line Stepper				100				278		0.45275				614

				1994																		0.65179

		0.35		1995		350		24%		42%		i-line Stepper				100				816		0.89016				917

				1996																		1.25197

		0.25		1997		250		15%		29%		248nm Scanner				100				1600		2.20782				725

				1998																		3.79873

				1999		180		15%		28%		248nm Scanner				100				3086		6.10646				505

				2000																		10.27335

		0.13		2001		130		15%		28%		248nm Scanner				100				5917		14.41800				410

				2002																		20.51710

				2003		90		17%		31%		193nm Scanner				125				12346		29.07754				425

				2004																		34.21467

				2005		65		15%		28%		193nm Scanner				150				23669		51.34984				461

		Average Annual Areal CD Reduction Rate

		1959-1965		52%

		1966-1975		22%

		1976-1985		22%

		1986-1995		23%

		1995-2001		28%

		1976-2001		24%

		Average Months to Double Device Complexity

		1959-1965		23

		1966-1975		54

		1976-1985		56

		1986-1995		52

		1991-2001		43

		1976-2001		50
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Moore's Law: Still going strong after 40 years.
(April 19, 1965 to 2005)
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CD (nm)

Year
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F 3 averages

														Areal														Wafer

				Integration		Areal		Die Area				Yield		Reduction								Yield						Area

				Growth		Reduction		Increase				Reduction		as a % of total								Reduction

																										1965.0		285				19.049999999999997

		Average Annual Reduction Rate																								1968.0		506		-21%		25.4

		1959-1965		103%		52%		0%				0%		50%						1965.0		20.0				1970.0		791		-25%		31.75

		1966-1975		69%		22%		16%				6%		32%						1972.0		30.0		-6%		1975.0		3165		-32%		63.5

		1976-1985		55%		22%		13%				4%		39%						1980.0		40.0		-4%		1978.0		4558		-13%		76.19999999999999

		1986-1995		37%		23%		13%				4%		62%						1990.0		60.0		-4%		1982.0		7850		-15%		100.0

		1995-2001		29%		28%		2%				4%		97%						2000.0		85.0		-4%		1985.0		12266		-16%		125.0

		1976-2001		45%		24%		9%				4%		54%						1976-2001						1988.0		17663		-13%		150.0

																										1994.0		31400		-10%		200.0

		Average Months to Double Device Complexity

		1959-1965		12		23																Die				Die

		1966-1975		17		54																Area				Area

		1976-1985		22		56																K sq mils				K sq mils

		1986-1995		32		52

		1991-2001		41		43														1959.0		2.0				2.0

		1976-2001		27		50														1962.0		2.0		0%		2.0

																Die				1964.0		6.0		-73%		6.0

																area				1969.0		12.0		-15%		12.0

																MM^2				1970.0		14.0		-17%		14.0

												4004.0		1971.0		18				1972.0		16.0		-7%		16.0

												8080.0		1974.0		40		-30%		1975.0		32.0		-26%		32.0		178.88543819998318		0.7042733787400913		0.4960009920019841

												8086.0		1978.0		72				1978.0				-16%

												286.0		1982.0		90				1982.0				-6%

												386.0		1985.0		107				1985.0				-6%

												486DX2		1989.0		168				1989.0				-12%

												Pentium		1993.0		294				1993.0				-15%

												P Pro		1995.0		309				1995.0				-2%



Source: Intel, Joann Hasegawa

8088 was introduced in 79.  The difference was that it was an 8 bit MPU instead of a 16 bit.  According to Howard High at Intel.  The total # of transistors was roughly the same and the speed was the same for both chips. -- GDH 3/31/97



DRAM Prc-p-bit

		DRAM MARKET HISTORY

		YEAR		UNITS SHIPPED		BITS		SALES ($)				YEAR		PRICE PER GIGABIT ($)		PRICE PER BIT (Nano-$)		TRANSISTORS (tera-units)		PRICE PER TRANSISTOR (micro-$)				SHIPMENTS (M units)		TERABITS						SALES ($B)		REAL SALES (1971 $B)

		1971		1.00E+06		1.02E+09		1.30E+07				1971		12695313		12695312.50		0.0		4231.771				1.0		0.0				1971.0		0.013		0

		1972		4.00E+06		4.10E+09		3.90E+07				1972		9521484		9521484.38		0.0		3173.828				4.0		0.0				1972.0		0.039		0

		1973		8.00E+06		8.19E+09		6.00E+07				1973		7324219		7324218.75		0.0		2441.406				8.0		0.0				1973.0		0.060		0

		1974		1.80E+07		2.15E+10		9.70E+07				1974		4510789		4510788.69		0.1		1605.535				18.0		0.0				1974.0		0.097		0

		1975		2.50E+07		4.10E+10		1.15E+08				1975		2807617		2807617.19		0.1		1123.047				25.0		0.0				1975.0		0.115		1

		1976		4.25E+07		1.37E+11		2.05E+08				1976		1493995		1493994.87		0.3		730.640				42.5		0.1				1976.0		0.205		2

		1977		4.93E+07		1.86E+11		2.64E+08				1977		1422022		1422021.51		0.4		749.673				49.3		0.2				1977.0		0.264		2

		1978		1.07E+08		6.43E+11		3.76E+08				1978		585066		585066.12		1.0		384.570				107.1		0.6				1978.0		0.376		8

		1979		1.47E+08		1.48E+12		4.38E+08				1979		295805		295805.24		1.8		247.245				147.0		1.5				1979.0		0.438		19

		1980		2.34E+08		3.38E+12		5.69E+08				1980		168536		168536.26		3.5		161.202				234.0		3.4				1980.0		0.569		43

		1981		2.41E+08		3.99E+12		6.30E+08				1981		157955		157954.91		4.1		154.388				241.0		4.0				1981.0		0.630		51

		1982		3.18E+08		9.45E+12		8.80E+08				1982		93157		93157.18		9.5		92.575				318.0		9.4				1982.0		0.880		120

		1983		5.99E+08		2.83E+13		1.32E+09				1983		46490		46489.86		28.4		46.429				598.8		28.3				1983.0		1.317		360

		1984		9.71E+08		6.40E+13		3.62E+09				1984		56554		56554.27		64.0		56.536				971.0		64.0				1984.0		3.620		813

		1985		7.52E+08		8.95E+13		1.50E+09				1985		16720		16719.96		89.5		16.719				752.0		89.5				1985.0		1.496		1136

		1986		8.49E+08		1.45E+14		1.53E+09				1986		10572		10572.01		144.7		10.572				849.1		144.7				1986.0		1.529		1837

		1987		8.49E+08		2.15E+14		2.36E+09				1987		10981		10980.78		214.8		10.981				849.0		214.8				1987.0		2.359		2728

		1988		1.18E+09		3.38E+14		6.39E+09				1988		18917		18917.26		337.8		18.917				1176.0		337.8				1988.0		6.390		4288

		1989		1.23E+09		6.10E+14		8.44E+09				1989		13837		13836.91		610.0		13.837				1227.6		610.0				1989.0		8.441		7745

		1990		1.32E+09		9.39E+14		6.36E+09				1990		6772		6772.14		938.6		6.772				1315.1		938.6				1990.0		6.356		11916

		1991		1.27E+09		1.56E+15		6.60E+09				1991		4243		4243.48		1556.5		4.243				1274.2		1556.5				1991.0		6.605		19760

		1992		1.49E+09		2.91E+15		8.52E+09				1992		2929		2929.42		2909.4		2.929				1493.4		2909.4				1992.0		8.523		36936

		1993		1.50E+09		4.23E+15		1.31E+10				1993		3109		3108.68		4227.0		3.109				1499.4		4227.0				1993.0		13.140		53663

		1994		1.95E+09		8.28E+15		2.34E+10				1994		2827		2827.10		8283.2		2.827				1947.2		8283.2				1994.0		23.417		105157

		1995		2.52E+09		1.41E+16		4.08E+10				1995		2898		2898.33		14088.4		2.898				2515.4		14088.4				1995.0		40.833		178856

		1996		2.78E+09		2.42E+16		2.51E+10				1996		1040		1040.25		24159.8		1.040				2782.8		24159.8				1996.0		25.132		306716

		1997		3.37E+09		4.57E+16		1.98E+10				1997		433		433.45		46280.8		0.428				3367.8		45675.3				1997.0		19.798		579863

		1998		3.42E+09		8.04E+16		1.40E+10				1998		174		174.29		89881.7		0.156				3419.9		80389.0				1998.0		14.011		1020564

		1999		3.04E+09		1.41E+17		2.07E+10				1999		147		147.13		140785.0		0.147				3043.6		140785.0				1999.0		20.71		1787309

		2000		4.00E+09		2.69E+17		2.89E+10				2000		107		107.46		269005.6		0.107				3995.3		269005.6				2000.0		28.907		3415110

		2001		4.06E+09		4.17E+17		1.12E+10				2001		27		26.86		416967.3		0.027				4059.9		416967.3				2001.0		11.199		5293531

		2002		4.07E+09		5.88E+17		1.53E+10				2002		26		25.96		587509.1		0.026				4065.8		587509.1				2002.0		15.254		7458612

		2003		4.33E+09		8.37E+17		1.67E+10				2003		20		19.93		837151.8		0.020				4331.3		837151.8				2003.0		16.688		10627904

		2004		6.88E+09		1.53E+18		2.68E+10				2004		18		17.58		1527145.0		0.018				6878.2		1527145.0				2004.0		26.842		19387583

		2005		6.45E+09		2.11E+18		3.20E+10				2005		15		15.19		2106545.9		0.015				6449.2		2106545.9				2005.0		32.000		26743259

		2006		6.20E+09		3.44E+18		2.64E+10				2006		8		7.66		3443753.3		0.008				6199.1		3443753.3				2006.0		26.377		43719524
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		Year		VLSI R Total Number of Transistors		REAL Semiconductor SALES (1954 $T)		Semiconductor Revenues		Average Price Per Transistor		Average Price Per Transistor		Growth		W.W. Silicon Shipped		W.W. Units Shipped		Average Price Per Unit		Growth		Average Transistors Per Unit		Growth in xistors per Unit				Average Area per Transistor		Growth		Transistors per Sq CM		Growth		Leading Edge Trans per Sq CM		Total Number of DRAM Trans		Total Number of DRAMs		DRAM Transistors per Unit		Growth in DRAM trans per Unit		Total IC Transistors		Total Number of ICs		IC Transistors per Unit		Growth in IC trans per Unit		Ratio Trans to DRAM Growth		ADJ		Total Number of Discretes				Semiconductor Revenues		Total Number of Transistors		Average Price Per Transistor		Average Price Per Transistor								% of xistors Germanium		Germanium Transistors		Silicon Transistors		Total Transistors		ICs				Average Price Per Unit

								(ww in $M)		($)		(Nano-$)				(MCM^2)		(M Units)												Square Microns										(Units)		(Units)		(Units)						(M Units)										(M Units)				(ww in $M)		(Units)		($)		(Micro-$)										(MU)		(MU)		(MU)		(MU)

		1947.0																																																																Invention of Transistor

		1954.0				0		7		5.515915658		5515915658																																																				5.1		1.31E+06		5.51591566		5515915.66																				0.0

		1955.0		3.20E+06		0		17		4.764389874		4764389874		-13.6%				3		5.45				1.0000E+00		0.0%																																						12.3		3.66E+06		4.76438987		4764389.87																				545.0334398093113

		1956.0		6.26E+06		0		52		4.126301944		4126301944		-13.4%				6		8.38		53.8%		1.0000E+00		0.0%																																						37.0		1.27E+07		4.12630194		4126301.94																				838.0991619707326

		1957.0		9.38E+07		0		244		3.445674819		3445674819		-16.5%				94		2.60		-69.0%		1.0000E+00		0.0%																																						172.0		7.08E+07		3.44567482		3445674.82																				260.01213901836195

		1958.0		1.21E+08		0		319		3.403135624		3403135624		-1.2%				121		2.64		1.5%		1.0000E+00		0.0%																																						225.0		9.38E+07		3.40313562		3403135.62																				263.8907897158198

		1959.0		2.13E+08		0		518		3.597366557		3597366557		5.7%				213		2.44		-7.7%		1.0000E+00		0.0%																																						389.0		1.44E+08		3.59736656		3597366.56																				243.55604125086904

		1960.0		3.16E+08		0		758		2.752238163		2752238163		-23.5%		5		316		2.40		-1.6%		1.0000E+00		0.0%				1,509,671.29				38																														650.0		2.75E+08		2.75223816		2752238.16								43.2%		119.0		8.8		127.8						239.6559271188743

		1961.0		4.46E+08		0		839		1.881241840		1881241840		-31.6%		5		356		2.36		-1.6%		1.2542E+00		25.4%				1,106,663.50		-27%		54		44%																												700.0		4.46E+08		1.88124184		1881241.84								39.9%		177.9		13.0		190.9		5.0				235.94099775095626

		1962.0		9.36E+08		0		977		1.689134864		1689134864		-10.2%		6		723		1.35		-42.7%		1.2953E+00		3.3%				654,555.59		-41%		96		77%																												700.0		5.79E+08		1.68913486		1689134.86								36.9%		213.7		26.6		240.3		10.0				135.25058246408204

		1963.0		1.32E+09		0		1298		1.471319587		1471319587		-12.9%		12		986		1.32		-2.7%		1.3377E+00		3.3%				876,226.84		34%		82		-15%																												900.0		8.82E+08		1.47131959		1471319.59								28.3%		249.4		50.6		300.0		20.0				131.61224304687263

		1964.0		1.66E+09		0		1569		1.336458146		1336458146		-9.2%		26		1203		1.30		-0.9%		1.3816E+00		3.3%				1,553,238.12		77%		49		-41%																												1000.0		1.17E+09		1.33645815		1336458.15								24.6%		288.8		118.1		406.9		51.0				130.39403911658292

		1965.0		2.45E+09		0		1942		0.790997826		790997826		-40.8%		49		1721		1.13		-13.4%		1.4269E+00		3.3%				2,013,728.21		30%		43		-12%																												1300.0		2.45E+09		0.79099783		790997.83								13.6%		333.6		274.5		608.1		94.0				112.86500106418814

		1966.0		7.01E+09		0		2594		0.369898126		369898126		-53.2%		104		2458		1.06		-6.5%		2.8537E+00		100.0%				1,476,802.13		-27%		64		50%																												1600.0		7.01E+09		0.36989813		369898.13								5.3%		368.7		487.2		855.9		173.0				105.55891799531763

		1967.0		2.42E+10		0		2452		0.101254746		101254746		-72.6%		373		2303		1.06		0.9%		1.0514E+01		268.4%				1,542,063.98		4%		64		-0%																												1600.0		2.42E+10		0.10125475		101254.75								1.1%		270.3		489.5		759.8		272.0				106.46082763991156

		1968.0		8.65E+10		0		2597		0.030039416		30039416		-70.3%		580		2667		0.97		-8.5%		3.2418E+01		208.3%				671,211.27		-56%		149		132%																												1700.0		8.65E+10		0.03003942		30039.42								0.2%		199.3		684.1		883.4		367.0				97.38074378708393

		1969.0		3.58E+11		2		3062		0.008555719		8555719		-71.5%		676		3566		0.86		-11.8%		1.0035E+02		209.5%				188,805.27		-72%		530		256%																												2300.0		3.58E+11		0.00855572		8555.72																				85.85548427618744

		1970.0		9.07E+11		5		3270		0.003606948		3606948		-57.8%		960		3133		1.04		21.6%		2.8937E+02		188.4%				105,837.99		-44%		945		78%		1																										2350.0		9.07E+11		0.00360695		3606.95																				104.37280561761891

		1971.0		1.29E+12		7		3085		0.002399607		2399607		-33.5%		1042		2803		1.10		5.4%		4.5863E+02		58.5%				81071.5		-23%		1233		31%				3072000000		1000000		3072																						1.29E+12		0.00239961		2399.61																				110.05279680365298

		1972.0		1.90E+12		11		4309		0.002263069		2263069		-5.7%		1326		3539		1.22		10.6%		5.3796E+02		17.3%				69658.2		-14%		1436		16%				12288000000		4000000		3072		0.0%																				1.90E+12		0.00226307		2263.07																				121.74379838390688

		1973.0		4.08E+12		16		5669		0.002010316		2010316		-11.2%		1865		7083		0.80		-34.3%		5.7534E+02		6.9%				45765.2		-34%		2185		52%		2		24576000000		8000000		3072		0.0%																				2.82E+12		0.00201032		2010.32																				80.03783760888902

		1974.0		6.71E+12		23		7012		0.001678944		1678944		-16.5%		2072		11102		0.63		-21.1%		6.0410E+02		5.0%				30892.1		-32%		3237		48%				60416000000		18000000		3356.444444		9.3%								5%		54.0%										4.18E+12		0.00167894		1678.94																				63.158084360898194

		1975.0		6.19E+12		34		5603		0.000905840		905840		-46.0%		2044		8904		0.63		-0.4%		6.9467E+02		15.0%				33038.5		7%		3027		-6%				1.024E+11		25000000		4096		22.0%								15%		68.0%										6.19E+12		0.00090584		905.84																				62.92606776653451

		1976.0		9.16E+12		51		7237		0.000789998		789998		-12.8%		3020		11344		0.64		1.4%		8.0757E+02		16.3%				32968.2		-0%		3033		0%				2.80576E+11		42500000		6601.788235		61.2%								16%		26.6%										9.16E+12		0.00079000		790.00																				63.79752638028157

		1977.0		1.36E+13		75		8362		0.000616331		616331		-22.0%		3476		12949		0.65		1.2%		1.0478E+03		29.7%				25620.7		-22%		3903		29%		4		3.52154E+11		49300000		7143.075051		8.2%								30%		362.8%										1.36E+13		0.00061633		616.33																				64.57641516719438

		1978.0		2.01E+13		111		10753		0.000535143		535143		-13.2%		3927		15428		0.70		7.9%		1.3024E+03		24.3%				19541.8		-24%		5117		31%				9.77715E+11		107100000		9128.993464		27.8%								24%		87.4%										2.01E+13		0.00053514		535.14																				69.69614477197895

		1979.0		3.82E+13		164		13528		0.000454580		454580		-15.1%		4955		26657		0.51		-27.2%		1.4326E+03		10.0%				12974.5		-34%		7707		51%				1.77152E+12		147000000		12051.15646		32.0%								10%		31.2%										2.98E+13		0.00045458		454.58																				50.74830110608638

		1980.0		5.55E+13		243		18170		0.000412257		412257		-9.3%		5519		37886		0.48		-5.5%		1.4641E+03		2.2%				9950.6		-23%		10050		30%				3.52973E+12		234000000		15084.30769		25.2%								2%		8.7%										4.41E+13		0.00041226		412.26																				47.96004825039526

		1981.0		9.76E+13		360		19792		0.000303207		303207		-26.5%		5074		61251		0.32		-32.6%		1.5939E+03		8.9%				5196.9		-48%		19242		91%		15		4.08064E+12		241000000		16932.11618		12.2%								9%		72.4%										6.53E+13		0.00030321		303.21																				32.31310009518259

		1982.0		9.67E+13		533		19615		0.000202897		202897		-33.1%		5139		64281		0.31		-5.6%		2.1257E+03		33.4%				5315.7		2%		18812		-2%				9.50579E+12		318000000		29892.42767		76.5%								33%		43.6%										9.67E+13		0.00020290		202.90																				30.5146023612064

		1983.0		1.43E+14		790		24359		0.000170129		170129		-16.2%		6149		60531		0.40		31.9%		2.3654E+03		11.3%				4294.4		-19%		23286		24%				2.83656E+13		598800000		47370.77355		58.5%								11%		19.3%										1.43E+14		0.00017013		170.13																				40.24164697907467

		1984.0		2.39E+14		1316		35097		0.000147100		147100		-13.5%		9394		87911		0.40		-0.8%		2.7141E+03		14.7%				3937.2		-8%		25399		9%		28		6.40369E+13		971000000		65949.3965		39.2%				29280.7				15%		37.6%										2.39E+14		0.00014710		147.10																				39.92384665696434

		1985.0		2.50E+14		1381		30959		0.000123619		123619		-16.0%		6602		86570		0.36		-10.4%		2.8929E+03		6.6%				2636.1		-33%		37935		49%				8.94812E+13		752000000		118990.9787		80.4%				23839.4				7%		8.2%										2.50E+14		0.00012362		123.62																				35.76194579389732

		1986.0		3.36E+14		1856		38707		0.000115041		115041		-6.9%		7918		97861		0.40		10.6%		3.4382E+03		18.8%				2353.4		-11%		42492		12%				1.44661E+14		849100000		170369.6733		43.2%				29496.1				19%		43.7%										3.36E+14		0.00011504		115.04																				39.55366422862448

		1987.0		6.21E+14		3426		43618		0.000070231		70231		-39.0%		9969		105573		0.41		4.5%		5.8828E+03		71.1%				1605.2		-32%		62299		47%				2.14843E+14		849000000		253054.6431		48.5%				30708.8				71%		146.5%										6.21E+14		0.00007023		70.23																				41.31562076773164

		1988.0		1.01E+15		5580		57140		0.000056480		56480		-19.6%		11662		128356		0.45		7.7%		7.8820E+03		34.0%				1152.7		-28%		86750		39%		71		3.37773E+14		1176000000		287221.551		13.5%				36763.9				34%		251.7%										1.01E+15		0.00005648		56.48																				44.51689896839455

		1989.0		1.55E+15		8563		61924		0.000039888		39888		-29.4%		12570		135536		0.46		2.6%		1.1454E+04		45.3%				809.7		-30%		123505		42%				6.10035E+14		1227600000		496933.2864		73.0%				37429.6				45%		62.1%										1.55E+15		0.00003989		39.89																				45.68826168576004

		1990.0		2.08E+15		11466		62953		0.000030284		30284		-24.1%		13799		146716		0.43		-6.1%		1.4168E+04		23.7%				663.8		-18%		150642		22%				9.3858E+14		1315100000		713695.0632		43.6%				40606.3				24%		54.3%										2.08E+15		0.00003028		30.28																				42.9078249666554

		1991.0		3.00E+15		16549		65849		0.000021948		21948		-27.5%		13175		151194		0.44		1.5%		1.9844E+04		40.1%				439.1		-34%		227719		51%		112		1.55649E+15		1274200000		1221545.367		71.2%				41716.2				40%		56.3%										3.00E+15		0.00002195		21.95																				43.552748713017415

		1992.0		4.90E+15		27004		69603		0.000014217		14217		-35.2%		12609		148264		0.47		7.8%		3.3020E+04		66.4%				257.5		-41%		388278		71%				2.90943E+15		1493445000		1948135.683		59.5%				40035.3				66%		111.6%										4.90E+15		0.00001422		14.22																				46.94505736614585

		1993.0		6.81E+15		37588		86741		0.000012729		12729		-10.5%		15051		160695		0.54		15.0%		4.2406E+04		28.4%				220.9		-14%		452747		17%		178		4.22698E+15		1499399000		2819115.485		44.7%				43274.0				28%		63.6%										6.81E+15		0.00001273		12.73																				53.97901717323995

		1994.0		1.15E+16		63557		111167		0.000009648		9648		-24.2%		17678		181549		0.61		13.4%		6.3468E+04		49.7%				153.4		-31%		651790		44%		735		8.28316E+15		1947152000		4253987.389		50.9%				44998.4				50%		97.6%										1.15E+16		0.00000965		9.65																				61.232797223516144

		1995.0		1.97E+16		108484		153570		0.000007808		7808		-19.1%		22094		223345		0.69		12.3%		8.8059E+04		38.7%				112.3		-27%		890157		37%				1.40884E+16		2515432256		5600775.711		31.7%				49075.8				39%		122.4%										1.97E+16		0.00000781		7.81																				68.75918261288655

		1996.0		2.91E+16		160584		138894		0.000004771		4771		-38.9%		23254		216743		0.64		-6.8%		1.3432E+05		52.5%				79.9		-29%		1251974		41%				2.41598E+16		2782794693		8681848.628		55.0%				48986.5				53%		95.5%										2.91E+16		0.00000477		4.77																				64.08228925433764

		1997.0		5.59E+16		308567		141186		0.000002524		2524		-47.1%		25338		257449		0.55		-14.4%		2.1729E+05		61.8%				45.3		-43%		2207822		76%		2015		4.62808E+16		3367793527		13742169.89		58.3%				59888.0				62%		106.0%										5.59E+16		0.00000252		2.52																				54.84020135002534

		1998.0		1.02E+17		561772		126151		0.000001239		1239		-50.9%		26810		257956		0.49		-10.8%		3.9482E+05		81.7%				26.3		-42%		3798728		72%		4753		8.98817E+16		3419938918		26281677.87		91.2%		1.018E+17		58955.7		2.E+06		82%		89.5%										1.02E+17		0.00000124		1.24																				48.90411579315078

		1999.0		1.59E+17		878715		149379		0.000000938		938		-24.3%		26088		299816		0.50		1.9%		5.3134E+05		34.6%				16.4		-38%		6106456		61%		10963		1.40785E+17		3043623952		46255701.69		76.0%		1.593E+17		68119.1		2.E+06		35.4%		46.5%				208883.7						1.59E+17		0.00000094		0.94																				49.8234231483237

		2000.0		2.92E+17		1610647		204394		0.000000700		700		-25.4%		28423		373357		0.55		9.9%		7.8209E+05		47.2%				9.7		-41%		10273347		68%				2.69006E+17		3995312000		67330308.5		45.6%		2.920E+17		86514.6		3.E+06		44.3%		97.3%				258987.6						2.92E+17		0.00000070		0.70																				54.74485194312469

		2001.0		3.47E+17		1912962		138963		0.000000401		401		-42.8%		24054		293834		0.47		-13.6%		1.1803E+06		50.9%				6.9		-29%		14418000		40%				4.16967E+17		4059866000		102704705.3		52.5%		3.468E+17		68546.1		5.E+06		49.9%		95.0%		96.1%		202785.5																														47.292973926187855

		2002.0		5.53E+17		3049966		140719		0.000000254		254		-36.5%		26950		335632		0.42		-11.3%		1.6475E+06		74.1%				4.9		-30%		20517099		42%				5.87509E+17		4065774000		144501181.8		40.7%		5.529E+17		78555.4		7.E+06		39.1%		96.1%		1.03		232715.3																														41.92657140622125

		2003.0		8.57E+17		4726956		166426		0.000000194		194		-23.7%		29472		366731		0.45		8.2%		2.3368E+06		41.8%				3.4		-29%		29077538		42%				8.37152E+17		4331324000		193278500.5		33.8%		8.570E+17		90290.0		9.E+06		34.8%		103.2%		1.00		247469.2																														45.38083699828741

		2004.0		1.15E+18		6357268		213027		0.000000185		185		-4.8%		33685		435253		0.49		7.9%		2.6480E+06		13.3%				2.9		-15%		34214673		18%				1.52715E+18		6878244000		222025421		14.9%		1.153E+18		105708.4		1.E+07		14.9%		100.0%		0.97		290625.4																														48.94330965995427

		2005.0		1.78E+18		9839442		231969		0.000000130		130		-29.6%		34739		452506		0.51		4.7%		3.9421E+06		48.9%				1.9		-33%		51349837		50%				2.10655E+18		6449207545		326636395.4		47.1%		1.784E+18		112465.2		2.E+07		45.5%		96.5%		1.00		299444.7																														51.263229111015065

		2006.0		2.98E+18		16430218		213779		0.000000072		72		-44.8%		35793		442980		0.48		-5.9%		6.7242E+06		70.6%				217847532891.0		11186435306070%		0		-100%				3.44375E+18		6199144759		555520705.8		70.1%		2.979E+18		110421.9		3.E+07		70.1%		100.0%		1.00		290468.6																														48.25932672248883

		2007.0						228050		0.000000000		0		0.0%		37926		473816		0.48		-0.3%		0.0000E+00		-100.0%				0.0		0%		0		-100%																																																						48.13046367549037

		2008.0						268105		0.000000000		0		0.0%		41100		534260		0.50		4.3%		0.0000E+00		0.0%				0.0		0%		0		0%																																																						50.182553065273694

		2009.0						304350		0.000000000		0		0.0%		44932		604758		0.50		0.3%		0.0000E+00		0.0%				0.0		0%		0		0%																																																						50.32594101083724

																																																				0.E+00
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Here's the profitabily problem in chips.  Since 1995, ASPs have been on a steady decline
(all Semiconducor, including discretes).

Average Semiconductor Prices (in $)

Average Price-per-Chip



1 PPT

		Year		VLSI R Total Number of Transistors		World Motor Vehicle Production

				Units		Units		M Units

								10.2

		1955.0		3.20E+06		1.37E+07		13.7

		1956.0		6.26E+06		1.17E+07		11.7

		1957.0		9.38E+07		1.25E+07		12.5

		1958.0		1.21E+08		1.14E+07		11.4

		1959.0		2.13E+08		1.39E+07		13.9

		1960.0		3.16E+08		1.64E+07		16.4

		1961.0		4.46E+08		1.52E+07		15.2

		1962.0		9.36E+08		1.82E+07		18.2

		1963.0		1.32E+09		2.07E+07		20.7

		1964.0		1.66E+09		2.20E+07		22.0

		1965.0		2.45E+09		2.46E+07		24.6

		1966.0		7.01E+09		2.50E+07		25.0

		1967.0		2.42E+10		2.42E+07		24.2

		1968.0		8.65E+10		2.86E+07		28.6

		1969.0		3.58E+11		3.00E+07		30.0

		1970.0		9.07E+11		2.97E+07		29.7

		1971.0		1.29E+12		3.37E+07		33.7

		1972.0		1.90E+12		3.57E+07		35.7

		1973.0		4.08E+12		3.92E+07		39.2

		1974.0		6.71E+12		3.50E+07		35.0

		1975.0		6.19E+12		3.33E+07		33.3

		1976.0		9.16E+12		3.86E+07		38.6

		1977.0		1.36E+13		4.12E+07		41.2

		1978.0		2.01E+13		4.26E+07		42.6

		1979.0		3.82E+13		4.19E+07		41.9

		1980.0		5.55E+13		3.87E+07		38.7

		1981.0		9.76E+13		3.76E+07		37.6

		1982.0		9.67E+13		3.61E+07		36.1

		1983.0		1.43E+14		3.98E+07		39.8

		1984.0		2.39E+14		4.21E+07		42.1

		1985.0		2.50E+14		4.48E+07		44.8

		1986.0		3.36E+14		4.53E+07		45.3

		1987.0		6.21E+14		4.59E+07		45.9

		1988.0		1.01E+15		4.82E+07		48.2

		1989.0		1.55E+15		4.90E+07		49.0

		1990.0		2.08E+15		4.84E+07		48.4

		1991.0		3.00E+15		4.65E+07		46.5

		1992.0		4.90E+15		4.76E+07		47.6

		1993.0		6.81E+15		4.64E+07		46.4

		1994.0		1.15E+16		4.97E+07		49.7

		1995.0		1.97E+16		4.99E+07		49.9

		1996.0		2.91E+16		5.25E+07		52.5

		1997.0		5.59E+16		5.42E+07		54.2

		1998.0		1.02E+17		5.35E+07		53.5

		1999.0		1.59E+17		5.57E+07		55.7

		2000.0		2.92E+17		5.74E+07		57.4

		2001.0		3.47E+17		5.63E+07		56.3

		2002.0		5.53E+17		5.83E+07		58.3

		2003.0		8.57E+17		6.07E+07		60.7

		2004.0		1.15E+18		6.37E+07		63.7

		2005.0		1.78E+18		0.00E+00

		2006.0		1.64E+07		0.00E+00

		2007.0		0.00E+00		0.00E+00

		2008.0		0.00E+00		0.00E+00

		2009.0		0.00E+00		0.00E+00
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Transistor Production

World Motor Vehicle Production

Unitss

Worldwide Transistor Production
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		Year		Average Price Per Transistor		Growth

				(Nano-$)

		1947.0

		1954.0		5515915658

		1955.0		4764389874		-13.6%

		1956.0		4126301944		-13.4%

		1957.0		3445674819		-16.5%

		1958.0		3403135624		-1.2%

		1959.0		3597366557		5.7%

		1960.0		2752238163		-23.5%

		1961.0		1881241840		-31.6%

		1962.0		1689134864		-10.2%

		1963.0		1471319587		-12.9%

		1964.0		1336458146		-9.2%

		1965.0		790997826		-40.8%

		1966.0		369898126		-53.2%

		1967.0		101254746		-72.6%

		1968.0		30039416		-70.3%

		1969.0		8555719		-71.5%

		1970.0		3606948		-57.8%

		1971.0		2399607		-33.5%

		1972.0		2263069		-5.7%

		1973.0		2010316		-11.2%

		1974.0		1678944		-16.5%

		1975.0		905840		-46.0%

		1976.0		789998		-12.8%

		1977.0		616331		-22.0%

		1978.0		535143		-13.2%

		1979.0		454580		-15.1%

		1980.0		412257		-9.3%

		1981.0		303207		-26.5%

		1982.0		202897		-33.1%

		1983.0		170129		-16.2%

		1984.0		147100		-13.5%

		1985.0		123619		-16.0%

		1986.0		115041		-6.9%

		1987.0		70231		-39.0%

		1988.0		56480		-19.6%

		1989.0		39888		-29.4%

		1990.0		30284		-24.1%

		1991.0		21948		-27.5%

		1992.0		14217		-35.2%

		1993.0		12729		-10.5%

		1994.0		9648		-24.2%

		1995.0		7808		-19.1%

		1996.0		4771		-38.9%

		1997.0		2524		-47.1%

		1998.0		1239		-50.9%

		1999.0		938		-24.3%

		2000.0		700		-25.4%

		2001.0		401		-42.8%

		2002.0		254		-36.5%

		2003.0		194		-23.7%

		2004.0		185		-4.8%

		2005.0		130		-29.6%

		2006.0		72		-44.8%

		2007.0		0		0.0%

		2008.0		0		0.0%

		2009.0		0		0.0%



RESTRICTED DATA: for access and use only within your company, as per your company's agreement with VLSI Research Inc.  
Copyright © 2005 by VLSI Research Inc.
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Integrated Circuit Invented
(1958)

Moore's first paper
(Electronics '65)

Moore's second paper
(IEDM '75)

Average Price Per Transistor for all Semiconductors
(in Nanodollars)

Moore's 
"No Exponential is Forever" paper
(VMIC '93)

Moore's 
"But, Forever can be Delayed"
 paper
(ISSCC '03)

First Commercial IC's sold
(1963)
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																																										TCI		30509.02

				DIFFUSION RATES

		YEAR		IC ONLY

				EQPT INTO		SEMI		ELECTRONICS

				SEMI

				($M)		($M)		($M)

		1960		28		758		16558

		1961		34		839		19338

		1962		42		977		22125

		1963		61		1298		24445

		1964		79		1569		25942

		1965		105		1942		28847

		1966		165		2594		33422

		1967		108		2452		36127

		1968		105		2597		38268

		1969		162		3062		43900

		1970		255		3270		43050

		1971		186		3085		45926

		1972		261		4309		55268

		1973		348		5669		73260

		1974		386		7012		87950

		1975		272		5603		90020

		1976		477		7237		95000

		1977		645		8362		99700

		1978		925		10753		122200

		1979		1477		13528		146300

		1980		2228		18170		173400

		1981		2442		19792		214500

		1982		2740		19615		269008

		1983		3777		24359		311021

		1984		6222		35097		359022

		1985		5747		30959		374288

		1986		5063		38707		407127

		1987		5559		43618		462721

		1988		8106		57140		512863

		1989		9308		61924		557741

		1990		9778		62953		591594

		1991		10430		65849		600323

		1992		10045		69603		624247

		1993		12641		86741		660576

		1994		18847		111167		715027

		1995		30550		153570		777210

		1996		34867		138894		832754

		1997		34694		141186		892169

		1998		26069		126151		945021

		1999		32131		149379		1042163

		2000		55814		204394		1188590

		2001		35465		138963		1093968

		2002		26749		140719		1029581

		2003		29246		166426		1109888

		2004P		45202		213027		1261842

		2005F†		46980		231969		1385843
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Chips and Equipment have been tracking Electronics growth rates since 1995, albeit with higher volatility.

Electronics

Chips

Chip Equipment

(Revenues in $M)

Hi-Tech Revenues Worldwide
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																								Last Update:				27-Mar-03		TCI		30327.03

		Year		Cost				Wafer Size		WSM

								(mm)		K

		1965.0

		1966.0		3				51		4

		1967.0

		1968.0

		1969.0

		1970.0

		1971.0		4				76		4

		1972.0

		1973.0

		1974.0

		1975.0

		1976.0

		1977.0		9				102		11

		1978.0

		1979.0

		1980.0		25				102		11

		1981.0

		1982.0		50				102		11

		1983.0

		1984.0

		1985.0		100				125		22

		1986.0

		1987.0

		1988.0		300				150		22

		1989.0

		1990.0

		1991.0		650				150		20

		1992.0		700				150		20

		1993.0		925				200		20

		1994.0		1200				200		20

		1995.0		1241				200		20

		1996.0		1260				200		20

		1997.0		1375				200		20

		1998.0		1225				200		20

		1999.0		1266				200		20

		2000.0		1105				200		20

		2001.0		917				200		20

		2002.0		680				200		20

		2003F		2512				300		40

		2004F		2989				300		40

		2005F		2677				300		40



Here, the blue line that matches long-term electronics growth has been copied and overlaid on the  Chips and Equipment  Revenue lines.  Note how they  appear to have reached saturation.  After 8 years of tracking electronics, it is safe to say that a new and slower growth trend has emerged for Chips and Equipment.

So far, the trend in volatility has been to grow.  The reason is that companies have been running a strategy of market share rather than profits.     - - Dan

2001

2002
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Moore's 2nd Law: Fact of Fiction?
First published back in the '80's by VLSI, this chart was used then to show the tendency of fab costs to double every two nodes.  The trend was first named "Hutcheson's Law" in 1989 by Hartwig Ruell of Siemens; then "Rock's Law" in 1994 by Ken Thompson of Intel; and finally "Moore's 2nd Law" by Business Week in 1996.  In the early nineties, VLSI predicted that this trend would plateau, which happened.  Ironically, Moore's Second Law gained mythological status just it was dieing.  More recently it has risen with the introduction of 300mm.
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Moore's 2nd Law: Fact of Fiction?
Moore's Law is about transistors doubling every node for the same cost of manufacturing.  So any analysis of fab costs should account for fab productivity, which has grown 5 orders-of-magnitude.  This is why it makes so much sense to spend so much on a fab.
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Moore's 2nd Law: Fact of Fiction?
Account for the effect of increasing productivity in fab costs and the results are astounding: Fab cost per transistor has decreased by 4 orders-of-magnitude since Moore's Law was discovered.  This is why Moore's Law works and shows the true value the chip making industry has added.  Note that the rate of decline accelerated in the nineties and is still going strong, in spite of all the warnings of Moore's Law being dead by some pundits.
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Tran Prod
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		Ford Motor Co. Archives, Dearborn, MI

		FY Year Ending Sept 30

		Year		Average		Average		Average		1000		Cars Sold

				Price		Cost		Profit

		1904		506.75		394.48		112.27		1.708		1708

		1905		845.10		715.55		129.55		1.695		1695

		1906		760.72		685.62		75.10		1.599		1599

		1907		593.71		473.20		120.51		8.423		8423

		1908		574.85		410.01		164.84		6.398		6398

		1909		650.86		446.83		204.03		10.607		10607

		1910		784.36		504.25		280.11		18.664		18664

		1911		575.37		415.71		159.66		34.528		34528

		1912		445.35		308.50		136.85		78.44		78440

		1913		361.72		242.61		119.11		168.304		168304

		1914		341.21		241.60		99.61		248.307		248307

		1915		354.08		246.22		107.86		288.728		288728

		1916		345.75		237.67		108.08		472.35		472350

		1917		287.28		246.06		41.22		730.041		730041

		1918		241.81		204.96		36.85		656.165		656165

		1919		384.00		296.14		87.86		487.802		487802

		1920		407.19		320.86		86.33		635.226		635226

		1921		412.46		309.05		103.41		690.755		690755

		1922		442.75		343.03		99.72		933.72		933720
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YEAR

DOLLARS PER UNIT SOLD

FORD MOTOR COMPANY'S EQUIVALENT TO MOORE'S LAW
(the early years of the auto industry)



		



Source: Ford Motor Co. Archives, Dearborn, MI
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Source: Semiconductor Industry Association

Year

Worldwide Transistor Production in Units

World Wide Transistor Production
(Merchant Producers only)
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• 1887– Karl Marx notes that for every question 
science answers, it creates two new ones; and 
the answers are generated at minimal cost in 
proportion to the productivity gains made.

• 1926 – Julius Lilienfeld conceptualizes solid-
state amplifier.

• Patent issued 1930.
• 1934 – Oskar Heil patents FET.
• 1947 – John Bardeen, Walter Brattain, and 

William Shockley invent the point-contact 
transistor.

The Early History
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It’s an amazing picture of Man’s ability to triumph over nature:
We have crossed 12 orders-of-magnitude milestones in 50 years.

Worldwide Transistor Production
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F 1 Moore's Law

		YEAR						TRANSISTORS																																																Annual Shrinkage						TRANSISTORS

		IN						(K)																																																						(Average, K)

		PRODUCTION		YEAR		Early IC'S		MPU's		DRAM's																																														Average		MPU		DRAM				MPU		DRAM

		Jan-59		1959		0.001																																																1959.0								0.001

				1960																																																		1960.0

				1961																																																		1961.0

		Dec-61		1962		0.007						2.8		6.964404506368992																																								1962.0		91%						0.007

		Jan-63		1963		0.017						4.1		17.148375400580683																																								1963.0		143%						0.017

		Jun-64		1964		0.028						4.8		27.857618025475972																																								1964.0		65%						0.028

		Feb-65		1965		0.06						5.9		59.7141114583557																																								1965.0		114%						0.06

				1966																																																		1966.0

				1967																																																		1967.0

				1968																																																		1968.0

				1969																																																		1969.0

				1970		2.048																																																1970.0		103%						2.048

		Nov-1971		1971				2.3		3.8		4004.0				1971		1972		1974		1976		1978		1979		1981		1982		1984		1985		1987		1989		1990		1993		1993		1995		1995		1996		1997		1971.0		49%		12%		86%				2.3		3.8

		Feb-1972		1972				4.0				6800.0				2.3		4.0		6.0				28.0		68.0				134.0		190.0		275.0		273.0		1200.0		1170.0		3300.0		2800.0		5500.0		3600.0		6900.0		15950.0		1972.0		74%		74%						4.0

				1973																																																		1973.0

		Apr-1974		1974				6.0		10.0		8080.0				3.8				10.0		36.0						104.0						297.0				1180.0				4700.0								19000.0		76000.0		1974.0		30%		22%		38%				6.0		10.0

				1975																																																		1975.0

		Jan-1976		1976						36.0																																												1976.0		90%				90%						36.0

				1977																																																		1977.0

		Jun-1978		1978				28.0				8086.0																																										1978.0		47%		47%						28.0

		Jul-1979		1979				68.0				68000.0																																										1979.0		143%		143%						68.0

				1980																																																		1980.0

		Jan-1981		1981						104.0																																												1981.0		24%				24%						104.0

		Feb-1982		1982				134.0				286.0																																										1982.0		25%		25%						134.0

				1983																																																		1983.0

		May-1984		1984				190.0				68020.0																																										1984.0		19%		19%						190.0

		Oct-1985		1985				275.0		297.0		386DX																																										1985.0		37%		45%		30%				275.0		297.0

				1986																																																		1986.0

		Mar-1987		1987				273.0				68030.0																																										1987.0

				1988																																																		1988.0

		Apr-1989		1989				1200.0		1180.0		486DX																																										1989.0		43%		45%		41%				1200.0		1180.0

		Nov-1990		1990				1170.0				68040.0																																										1990.0

				1991										Also:																																								1991.0

				1992																																																		1992.0

		Mar-1993		1993				3300.0		4700.0		Pentium		Nov-1993		PwrPC601		2800.0																																				1993.0		35%		29%		41%				3300.0		4700.0

				1994																																																		1994.0

		Nov-1995		1995				5500.0				Pentium Pro		Dec-1995		PwrPC604		3600.0																																				1995.0		29%		29%						5500.0

		Dec-1996		1996				6900.0		19000.0		PwrPC620																																										1996.0		42%		25%		59%				6900.0		19000.0

				1997				7500.0				Pentium III																																										1997.0

		Dec-1998		1998				15950.0		76000.0		Pentium III																																										1998.0		76%		52%		100%				15950.0		76000.0

		Dec-1999		1999				24000.0				Pentium III																																										1999.0						-100%						0.0

				2000						152000.0																																												2000.0

		Jan-2001		2001				42000.0				Pentium 4																																										2001.0		-31%		38%		-100%				42000.0		0.0

				2001

				2002				55000.0		304100.0		Pentium 4

				2003

				2004

				2005				1700000.0		608200.0		Intel Montecito

		YEAR						TRANSISTORS

		IN						(K)				DRAM																																										Average Annual Reduction Rate

		PRODUCTION																																																				1959-1965		103%

																																																						1966-1975		69%		36%		71%

		Jan-1971						3.8				1K				0.0		1.0																																				1976-1985		55%		56%		48%

		Jun-1974						10.0				4K				2.0		4.0																																				1986-1995		37%		32%		47%

		Jan-1976						36.0				16K				4.0		16.0																																				1996-2001		29%		39%		-10%

		Jan-1981						104.0				64K				6.0		64.0																																				1976-2001		45%		45%		21%

		Jan-1985						297.0				256K				8.0		256.0																																				Average Months to Double Device Complexity

		Aug-1989						1180.0				1M		1.15234375		10.0		1024.0																																				1959-1965		12

		Feb-1993						4700.0				4M		1.1474609375		12.0		4096.0																																				1966-1975		17		33		17

		Sep-1996						19000.0				16M		1.15966796875		14.0		16384.0																																				1976-1985		22		22		25

		Dec-1998						76000.0				64M		1.15966796875				65536.0																																				1986-1995		32		38		25

		Jan-2000						152000.0				128M		1.1598587036132812				131072.0																																				1996-2001		41		31		-118

		Jan-2002						304100.0				256M		1.1600494384765625				262144.0																																				1976-2001		27		27		58

		Jan-2005						608200.0				512M		1.1600494384765625				524288.0																																				1976-2001		0		0		0



8088 was introduced in 79.  The difference was that it was an 8 bit MPU instead of a 16 bit.  According to Howard High at Intel.  The total # of transistors was roughly the same and the speed was the same for both chips. -- GDH 3/31/97

G. Dan Hutcheson:
Gordon Moore's Paper in 1965.   With the exception of 1959's Transistor, all through 65 are bipolar logic. -- gdh 2/3/02

Source Intel.

G. Dan Hutcheson:
Gordon Moore's Paper in 1965.   With the exception of 1959's Transistor, all through 65 are bipolar logic. -- gdh 2/3/02

G. Dan Hutcheson:
Gordon Moore's Paper in 1965.   With the exception of 1959's Transistor, all through 65 are bipolar logic. -- gdh 2/3/02

G. Dan Hutcheson:
Gordon Moore's Paper in 1965.   With the exception of 1959's Transistor, all through 65 are bipolar logic. -- gdh 2/3/02

G. Dan Hutcheson:
Gordon Moore's Paper in 1965.   With the exception of 1959's Transistor, all through 65 are bipolar logic. -- gdh 2/3/02

Source Intel for their MPU's  Motorola MPUs come from them.
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F 2 CD's

								Annual		Annual

								Linear		Areal		Lithography

		CD (mils)		YEAR		CD (nm)		Shrink (%)		Shrink (%)		Method																																		YEAR		CD		Lithography Technology		Etch

																																																(microns)

		10		1957		254000						Camel's Hair Brush, Hand Painting																																		1957.0		254.000		Camel's Hair Brush, Hand Painting		Wet

		5		1958		127000		50%		75%		Silk Screen Printer		1958.0																																1958.0		127.000		Silk Screen Printer

		3		1959		76200		40%		64%		Contact Printer W/Emulsion Plates																																		1959.0		76.200		Contact Printer W/Emulsion Plates

		2		1960		50800		33%		56%		Contact Printer W/Emulsion Plates																																		1964.0		16.000		Contact Printer W/Chrome Plates

				1961																																										1972.0		8.000		Proximity Aligner

		1		1962		25400		29%		50%		Contact Printer W/Emulsion Plates																																		1974.0		5.000		Projection Aligner		Barrel Plasma

		CD (microns)		1963																																										1982.0		2.000		g-line Stepper		Planar Plasma

		16		1964		16000		21%		37%		Contact Printer W/Chrome Plates																																		1984.0		1.500				Reactive Ion Etching

				1965																																										1988.0		1.000				High Density Plasma

				1966																																										1990.0		0.800		i-line Stepper

				1967																																										1997.0		0.250		248nm Scanner

				1968																																										2003.0		0.090		193nm Scanner

		10		1969		10000		9%		17%		Contact Printer W/Chrome Plates

				1970

				1971

		8		1972		8000		7%		14%		Proximity Aligner

				1973

		5		1974		5000		21%		38%		Projection Aligner

				1975

		4		1976		4000		11%		20%		Projection Aligner

				1977

				1978

		3		1979		3000		9%		17%		Projection Aligner

		0		1980

				1981

		2.0		1982		2000		13%		24%		g-line Stepper

				1983

		1.50		1984		1500		13%		25%		g-line Stepper

				1985

		1.3		1986		1250		9%		17%		g-line Stepper

				1987

		1.0		1988		1000		11%		20%		g-line Stepper

				1989

		0.8		1990		800		11%		20%		i-line Stepper

				1991

				1992

		0.60		1993		600		9%		17%		i-line Stepper

				1994

		0.35		1995		350		24%		42%		i-line Stepper

				1996

		0.25		1997		250		15%		29%		248nm Scanner

				1998

				1999		180		15%		28%		248nm Scanner

				2000

		0.13		2001		130		15%		28%		248nm Scanner

				2002

				2003		90		17%		31%		193nm Scanner

				2004

				2005		65		15%		28%		193nm Scanner

		Average Annual Areal CD Reduction Rate

		1959-1965		52%

		1966-1975		22%

		1976-1985		22%

		1986-1995		23%

		1995-2001		28%

		1976-2001		24%

		Average Months to Double Device Complexity

		1959-1965		23

		1966-1975		54

		1976-1985		56

		1986-1995		52

		1991-2001		43

		1976-2001		50



Figure 1

Early IC'S

MPU's

DRAM's

Year

Components (K)

Moore's Law: Still going strong after 40 years.
(April 19, 1965 to 2005)



F 2 CD's

		



CD (nm)

Year

Node (nm)

Five Decades of Critical Dimension Shrinks
(in nanometers)



F 3 Sources

														Areal														Wafer

				Integration		Areal		Die Area				Yield		Reduction								Yield						Area

				Growth		Reduction		Increase				Reduction		as a % of total								Reduction

																										1965.0		285				19.049999999999997

		Average Annual Reduction Rate																								1968.0		506		-21%		25.4

		1959-1965		103%		52%		0%				0%		50%						1965.0		20.0				1970.0		791		-25%		31.75

		1966-1975		69%		22%		16%				6%		32%						1972.0		30.0		-6%		1975.0		3165		-32%		63.5

		1976-1985		55%		22%		13%				4%		39%						1980.0		40.0		-4%		1978.0		4558		-13%		76.19999999999999

		1986-1995		37%		23%		13%				4%		62%						1990.0		60.0		-4%		1982.0		7850		-15%		100.0

		1995-2001		29%		28%		2%				4%		97%						2000.0		85.0		-4%		1985.0		12266		-16%		125.0

		1976-2001		45%		24%		9%				4%		54%						1976-2001						1988.0		17663		-13%		150.0

																										1994.0		31400		-10%		200.0

		Average Months to Double Device Complexity

		1959-1965		12		23																Die				Die

		1966-1975		17		54																Area				Area

		1976-1985		22		56																K sq mils				K sq mils

		1986-1995		32		52

		1991-2001		41		43														1959.0		2.0				2.0

		1976-2001		27		50														1962.0		2.0		0%		2.0

																Die				1964.0		6.0		-73%		6.0

																area				1969.0		12.0		-15%		12.0

																MM^2				1970.0		14.0		-17%		14.0

												4004.0		1971.0		18				1972.0		16.0		-7%		16.0

												8080.0		1974.0		40		-30%		1975.0		32.0		-26%		32.0		178.88543819998318		0.7042733787400913		0.4960009920019841

												8086.0		1978.0		72				1978.0				-16%

												286.0		1982.0		90				1982.0				-6%

												386.0		1985.0		107				1985.0				-6%

												486DX2		1989.0		168				1989.0				-12%

												Pentium		1993.0		294				1993.0				-15%

												P Pro		1995.0		309				1995.0				-2%



Source: Intel, Joann Hasegawa

8088 was introduced in 79.  The difference was that it was an 8 bit MPU instead of a 16 bit.  According to Howard High at Intel.  The total # of transistors was roughly the same and the speed was the same for both chips. -- GDH 3/31/97



Price per bit

		DRAM MARKET HISTORY

		YEAR		UNITS SHIPPED		BITS		SALES ($)				YEAR		PRICE PER GIGABIT ($)		PRICE PER BIT (Nano-$)		TRANSISTORS (tera-units)		PRICE PER TRANSISTOR (micro-$)				SHIPMENTS (M units)		TERABITS						SALES ($B)		REAL SALES (1971 $B)

		1971		1.00E+06		1.02E+09		1.30E+07				1971		12695313		12695312.50		0.0		4231.771				1.0		0.0				1971.0		0.013		0

		1972		4.00E+06		4.10E+09		3.90E+07				1972		9521484		9521484.38		0.0		3173.828				4.0		0.0				1972.0		0.039		0

		1973		8.00E+06		8.19E+09		6.00E+07				1973		7324219		7324218.75		0.0		2441.406				8.0		0.0				1973.0		0.060		0

		1974		1.80E+07		2.15E+10		9.70E+07				1974		4510789		4510788.69		0.1		1605.535				18.0		0.0				1974.0		0.097		0

		1975		2.50E+07		4.10E+10		1.15E+08				1975		2807617		2807617.19		0.1		1123.047				25.0		0.0				1975.0		0.115		1

		1976		4.25E+07		1.37E+11		2.05E+08				1976		1493995		1493994.87		0.3		730.640				42.5		0.1				1976.0		0.205		2

		1977		4.93E+07		1.86E+11		2.64E+08				1977		1422022		1422021.51		0.4		749.673				49.3		0.2				1977.0		0.264		2

		1978		1.07E+08		6.43E+11		3.76E+08				1978		585066		585066.12		1.0		384.570				107.1		0.6				1978.0		0.376		8

		1979		1.47E+08		1.48E+12		4.38E+08				1979		295805		295805.24		1.8		247.245				147.0		1.5				1979.0		0.438		19

		1980		2.34E+08		3.38E+12		5.69E+08				1980		168536		168536.26		3.5		161.202				234.0		3.4				1980.0		0.569		43

		1981		2.41E+08		3.99E+12		6.30E+08				1981		157955		157954.91		4.1		154.388				241.0		4.0				1981.0		0.630		51

		1982		3.18E+08		9.45E+12		8.80E+08				1982		93157		93157.18		9.5		92.575				318.0		9.4				1982.0		0.880		120

		1983		5.99E+08		2.83E+13		1.32E+09				1983		46490		46489.86		28.4		46.429				598.8		28.3				1983.0		1.317		360

		1984		9.71E+08		6.40E+13		3.62E+09				1984		56554		56554.27		64.0		56.536				971.0		64.0				1984.0		3.620		813

		1985		7.52E+08		8.95E+13		1.50E+09				1985		16720		16719.96		89.5		16.719				752.0		89.5				1985.0		1.496		1136

		1986		8.49E+08		1.45E+14		1.53E+09				1986		10572		10572.01		144.7		10.572				849.1		144.7				1986.0		1.529		1837

		1987		8.49E+08		2.15E+14		2.36E+09				1987		10981		10980.78		214.8		10.981				849.0		214.8				1987.0		2.359		2728

		1988		1.18E+09		3.38E+14		6.39E+09				1988		18917		18917.26		337.8		18.917				1176.0		337.8				1988.0		6.390		4288

		1989		1.23E+09		6.10E+14		8.44E+09				1989		13837		13836.91		610.0		13.837				1227.6		610.0				1989.0		8.441		7745

		1990		1.32E+09		9.39E+14		6.36E+09				1990		6772		6772.14		938.6		6.772				1315.1		938.6				1990.0		6.356		11916

		1991		1.27E+09		1.56E+15		6.60E+09				1991		4243		4243.48		1556.5		4.243				1274.2		1556.5				1991.0		6.605		19760

		1992		1.49E+09		2.91E+15		8.52E+09				1992		2929		2929.42		2909.4		2.929				1493.4		2909.4				1992.0		8.523		36936

		1993		1.50E+09		4.23E+15		1.31E+10				1993		3109		3108.68		4227.0		3.109				1499.4		4227.0				1993.0		13.140		53663

		1994		1.95E+09		8.28E+15		2.34E+10				1994		2827		2827.10		8283.2		2.827				1947.2		8283.2				1994.0		23.417		105157

		1995		2.52E+09		1.41E+16		4.08E+10				1995		2898		2898.33		14088.4		2.898				2515.4		14088.4				1995.0		40.833		178856

		1996		2.78E+09		2.42E+16		2.51E+10				1996		1040		1040.25		24159.8		1.040				2782.8		24159.8				1996.0		25.132		306716

		1997		3.37E+09		4.57E+16		1.98E+10				1997		433		433.45		46280.8		0.428				3367.8		45675.3				1997.0		19.798		579863

		1998		3.42E+09		8.04E+16		1.40E+10				1998		174		174.29		89881.7		0.156				3419.9		80389.0				1998.0		14.011		1020564

		1999		3.04E+09		1.41E+17		2.07E+10				1999		147		147.13		140785.0		0.147				3043.6		140785.0				1999.0		20.71		1787309

		2000		4.00E+09		2.69E+17		2.89E+10				2000		107		107.46		269005.6		0.107				3995.3		269005.6				2000.0		28.907		3415110

		2001		4.06E+09		4.17E+17		1.12E+10				2001		27		26.86		416967.3		0.027				4059.9		416967.3				2001.0		11.199		5293531

		2002		4.07E+09		5.88E+17		1.53E+10				2002		26		25.96		587509.1		0.026				4065.8		587509.1				2002.0		15.254		7458612

		2003		4.33E+09		8.37E+17		1.67E+10				2003		20		19.93		837151.8		0.020				4331.3		837151.8				2003.0		16.688		10627904

		2004		6.88E+09		1.53E+18		2.68E+10				2004		18		17.58		1527145.0		0.018				6878.2		1527145.0				2004.0		26.842		19387583

		2005		6.45E+09		2.11E+18		2.92E+10				2005		14		13.87		2106545.9		0.014				6449.2		2106545.9				2005.0		29.225		26743259

		2006		6.20E+09		3.44E+18		2.64E+10				2006		8		7.66		3443753.3		0.008				6199.1		3443753.3				2006.0		26.377		43719524



Taken from Dec 98 Blue Book.  LC 11/5/99
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1 Trans

																																																																		WSTS

		Year		VLSI R Total Number of Transistors		REAL Semiconductor SALES (1954 $T)		Semiconductor Revenues		Average Price Per Transistor		Average Price Per Transistor		Growth		W.W. Silicon Shipped		W.W. Units Shipped		Average Price Per Unit		Growth		Average Transistors Per Unit		Growth in xistors per Unit				Average Area per Transistor		Growth		Transistors per Sq CM		Growth				Total Number of DRAM Trans		Total Number of DRAMs		DRAM Transistors per Unit		Growth in DRAM trans per Unit		Total IC Transistors		Total Number of ICs		IC Transistors per Unit		Growth in IC trans per Unit		Ratio Trans to DRAM Growth		ADJ		Total Number of Discretes				Semiconductor Revenues		Total Number of Transistors		Average Price Per Transistor		Average Price Per Transistor								% of xistors Germanium		Germanium Transistors		Silicon Transistors		Total Transistors		ICs				Average Price Per Unit

								(ww in $M)		($)		(Nano-$)				(MCM^2)		(M Units)												Square Microns										(Units)		(Units)		(Units)						(M Units)										(M Units)				(ww in $M)		(Units)		($)		(Micro-$)										(MU)		(MU)		(MU)		(MU)

		1947.0																																																																Invention of Transistor

		1954.0				0		7		5.515915658		5515915658																																																				5.1		1.31E+06		5.51591566		5515915.66																				0.0

		1955.0		3.20E+06		0		17		4.764389874		4764389874		-13.6%				3		5.45				1.0000E+00		0.0%																																						12.3		3.66E+06		4.76438987		4764389.87																				545.0334398093113

		1956.0		6.26E+06		0		52		4.126301944		4126301944		-13.4%				6		8.38		53.8%		1.0000E+00		0.0%																																						37.0		1.27E+07		4.12630194		4126301.94																				838.0991619707326

		1957.0		9.38E+07		0		244		3.445674819		3445674819		-16.5%				94		2.60		-69.0%		1.0000E+00		0.0%																																						172.0		7.08E+07		3.44567482		3445674.82																				260.01213901836195

		1958.0		1.21E+08		0		319		3.403135624		3403135624		-1.2%				121		2.64		1.5%		1.0000E+00		0.0%																																						225.0		9.38E+07		3.40313562		3403135.62																				263.8907897158198

		1959.0		2.13E+08		0		518		3.597366557		3597366557		5.7%				213		2.44		-7.7%		1.0000E+00		0.0%																																						389.0		1.44E+08		3.59736656		3597366.56																				243.55604125086904

		1960.0		3.16E+08		0		758		2.752238163		2752238163		-23.5%		5		316		2.40		-1.6%		1.0000E+00		0.0%				1,509,671.29				38																														650.0		2.75E+08		2.75223816		2752238.16								43.2%		119.0		8.8		127.8						239.6559271188743

		1961.0		4.46E+08		0		839		1.881241840		1881241840		-31.6%		5		356		2.36		-1.6%		1.2542E+00		25.4%				1,106,663.50		-27%		54		44%																												700.0		4.46E+08		1.88124184		1881241.84								39.9%		177.9		13.0		190.9		5.0				235.94099775095626

		1962.0		9.36E+08		0		977		1.689134864		1689134864		-10.2%		6		723		1.35		-42.7%		1.2953E+00		3.3%				654,555.59		-41%		96		77%																												700.0		5.79E+08		1.68913486		1689134.86								36.9%		213.7		26.6		240.3		10.0				135.25058246408204

		1963.0		1.32E+09		0		1298		1.471319587		1471319587		-12.9%		12		986		1.32		-2.7%		1.3377E+00		3.3%				876,226.84		34%		82		-15%																												900.0		8.82E+08		1.47131959		1471319.59								28.3%		249.4		50.6		300.0		20.0				131.61224304687263

		1964.0		1.66E+09		0		1569		1.336458146		1336458146		-9.2%		26		1203		1.30		-0.9%		1.3816E+00		3.3%				1,553,238.12		77%		49		-41%																												1000.0		1.17E+09		1.33645815		1336458.15								24.6%		288.8		118.1		406.9		51.0				130.39403911658292

		1965.0		2.45E+09		0		1942		0.790997826		790997826		-40.8%		49		1721		1.13		-13.4%		1.4269E+00		3.3%				2,013,728.21		30%		43		-12%																												1300.0		2.45E+09		0.79099783		790997.83								13.6%		333.6		274.5		608.1		94.0				112.86500106418814

		1966.0		7.01E+09		0		2594		0.369898126		369898126		-53.2%		104		2458		1.06		-6.5%		2.8537E+00		100.0%				1,476,802.13		-27%		64		50%																												1600.0		7.01E+09		0.36989813		369898.13								5.3%		368.7		487.2		855.9		173.0				105.55891799531763

		1967.0		2.42E+10		0		2452		0.101254746		101254746		-72.6%		373		2303		1.06		0.9%		1.0514E+01		268.4%				1,542,063.98		4%		64		-0%																												1600.0		2.42E+10		0.10125475		101254.75								1.1%		270.3		489.5		759.8		272.0				106.46082763991156

		1968.0		8.65E+10		0		2597		0.030039416		30039416		-70.3%		580		2667		0.97		-8.5%		3.2418E+01		208.3%				671,211.27		-56%		149		132%																												1700.0		8.65E+10		0.03003942		30039.42								0.2%		199.3		684.1		883.4		367.0				97.38074378708393

		1969.0		3.58E+11		2		3062		0.008555719		8555719		-71.5%		676		3566		0.86		-11.8%		1.0035E+02		209.5%				188,805.27		-72%		530		256%																												2300.0		3.58E+11		0.00855572		8555.72																				85.85548427618744

		1970.0		9.07E+11		5		3270		0.003606948		3606948		-57.8%		960		3133		1.04		21.6%		2.8937E+02		188.4%				105,837.99		-44%		945		78%																												2350.0		9.07E+11		0.00360695		3606.95																				104.37280561761891

		1971.0		1.29E+12		7		3085		0.002399607		2399607		-33.5%		1042		2803		1.10		5.4%		4.5863E+02		58.5%				81071.5		-23%		1233		31%				3072000000		1000000		3072																						1.29E+12		0.00239961		2399.61																				110.05279680365298

		1972.0		1.90E+12		11		4309		0.002263069		2263069		-5.7%		1326		3539		1.22		10.6%		5.3796E+02		17.3%				69658.2		-14%		1436		16%				12288000000		4000000		3072		0.0%																				1.90E+12		0.00226307		2263.07																				121.74379838390688

		1973.0		4.08E+12		16		5669		0.002010316		2010316		-11.2%		1865		7083		0.80		-34.3%		5.7534E+02		6.9%				45765.2		-34%		2185		52%				24576000000		8000000		3072		0.0%																				2.82E+12		0.00201032		2010.32																				80.03783760888902

		1974.0		6.71E+12		23		7012		0.001678944		1678944		-16.5%		2072		11102		0.63		-21.1%		6.0410E+02		5.0%				30892.1		-32%		3237		48%				60416000000		18000000		3356.444444		9.3%								5%		54.0%										4.18E+12		0.00167894		1678.94																				63.158084360898194

		1975.0		6.19E+12		34		5603		0.000905840		905840		-46.0%		2044		8904		0.63		-0.4%		6.9467E+02		15.0%				33038.5		7%		3027		-6%				1.024E+11		25000000		4096		22.0%								15%		68.0%										6.19E+12		0.00090584		905.84																				62.92606776653451

		1976.0		9.16E+12		51		7237		0.000789998		789998		-12.8%		3020		11344		0.64		1.4%		8.0757E+02		16.3%				32968.2		-0%		3033		0%				2.80576E+11		42500000		6601.788235		61.2%								16%		26.6%										9.16E+12		0.00079000		790.00																				63.79752638028157

		1977.0		1.36E+13		75		8362		0.000616331		616331		-22.0%		3476		12949		0.65		1.2%		1.0478E+03		29.7%				25620.7		-22%		3903		29%				3.52154E+11		49300000		7143.075051		8.2%								30%		362.8%										1.36E+13		0.00061633		616.33																				64.57641516719438

		1978.0		2.01E+13		111		10753		0.000535143		535143		-13.2%		3927		15428		0.70		7.9%		1.3024E+03		24.3%				19541.8		-24%		5117		31%				9.77715E+11		107100000		9128.993464		27.8%								24%		87.4%										2.01E+13		0.00053514		535.14																				69.69614477197895

		1979.0		3.82E+13		164		13528		0.000454580		454580		-15.1%		4955		26657		0.51		-27.2%		1.4326E+03		10.0%				12974.5		-34%		7707		51%				1.77152E+12		147000000		12051.15646		32.0%								10%		31.2%										2.98E+13		0.00045458		454.58																				50.74830110608638

		1980.0		5.55E+13		243		18170		0.000412257		412257		-9.3%		5519		37886		0.48		-5.5%		1.4641E+03		2.2%				9950.6		-23%		10050		30%				3.52973E+12		234000000		15084.30769		25.2%								2%		8.7%										4.41E+13		0.00041226		412.26																				47.96004825039526

		1981.0		9.76E+13		360		19792		0.000303207		303207		-26.5%		5074		61251		0.32		-32.6%		1.5939E+03		8.9%				5196.9		-48%		19242		91%				4.08064E+12		241000000		16932.11618		12.2%								9%		72.4%										6.53E+13		0.00030321		303.21																				32.31310009518259

		1982.0		9.67E+13		533		19615		0.000202897		202897		-33.1%		5139		64281		0.31		-5.6%		2.1257E+03		33.4%				5315.7		2%		18812		-2%				9.50579E+12		318000000		29892.42767		76.5%								33%		43.6%										9.67E+13		0.00020290		202.90																				30.5146023612064

		1983.0		1.43E+14		790		24359		0.000170129		170129		-16.2%		6149		60531		0.40		31.9%		2.3654E+03		11.3%				4294.4		-19%		23286		24%				2.83656E+13		598800000		47370.77355		58.5%								11%		19.3%										1.43E+14		0.00017013		170.13																				40.24164697907467

		1984.0		2.39E+14		1316		35097		0.000147100		147100		-13.5%		9394		87911		0.40		-0.8%		2.7141E+03		14.7%				3937.2		-8%		25399		9%				6.40369E+13		971000000		65949.3965		39.2%				29280.7				15%		37.6%										2.39E+14		0.00014710		147.10																				39.92384665696434

		1985.0		2.50E+14		1381		30959		0.000123619		123619		-16.0%		6602		86570		0.36		-10.4%		2.8929E+03		6.6%				2636.1		-33%		37935		49%				8.94812E+13		752000000		118990.9787		80.4%				23839.4				7%		8.2%										2.50E+14		0.00012362		123.62																				35.76194579389732

		1986.0		3.36E+14		1856		38707		0.000115041		115041		-6.9%		7918		97861		0.40		10.6%		3.4382E+03		18.8%				2353.4		-11%		42492		12%				1.44661E+14		849100000		170369.6733		43.2%				29496.1				19%		43.7%										3.36E+14		0.00011504		115.04																				39.55366422862448

		1987.0		6.21E+14		3426		43618		0.000070231		70231		-39.0%		9969		105573		0.41		4.5%		5.8828E+03		71.1%				1605.2		-32%		62299		47%				2.14843E+14		849000000		253054.6431		48.5%				30708.8				71%		146.5%										6.21E+14		0.00007023		70.23																				41.31562076773164

		1988.0		1.01E+15		5580		57140		0.000056480		56480		-19.6%		11662		128356		0.45		7.7%		7.8820E+03		34.0%				1152.7		-28%		86750		39%				3.37773E+14		1176000000		287221.551		13.5%				36763.9				34%		251.7%										1.01E+15		0.00005648		56.48																				44.51689896839455

		1989.0		1.55E+15		8563		61924		0.000039888		39888		-29.4%		12570		135536		0.46		2.6%		1.1454E+04		45.3%				809.7		-30%		123505		42%				6.10035E+14		1227600000		496933.2864		73.0%				37429.6				45%		62.1%										1.55E+15		0.00003989		39.89																				45.68826168576004

		1990.0		2.08E+15		11466		62953		0.000030284		30284		-24.1%		13799		146716		0.43		-6.1%		1.4168E+04		23.7%				663.8		-18%		150642		22%				9.3858E+14		1315100000		713695.0632		43.6%				40606.3				24%		54.3%										2.08E+15		0.00003028		30.28																				42.9078249666554

		1991.0		3.00E+15		16549		65849		0.000021948		21948		-27.5%		13175		151194		0.44		1.5%		1.9844E+04		40.1%				439.1		-34%		227719		51%				1.55649E+15		1274200000		1221545.367		71.2%				41716.2				40%		56.3%										3.00E+15		0.00002195		21.95																				43.552748713017415

		1992.0		4.90E+15		27004		69603		0.000014217		14217		-35.2%		12609		148264		0.47		7.8%		3.3020E+04		66.4%				257.5		-41%		388278		71%				2.90943E+15		1493445000		1948135.683		59.5%				40035.3				66%		111.6%										4.90E+15		0.00001422		14.22																				46.94505736614585

		1993.0		6.81E+15		37588		86741		0.000012729		12729		-10.5%		15051		160695		0.54		15.0%		4.2406E+04		28.4%				220.9		-14%		452747		17%				4.22698E+15		1499399000		2819115.485		44.7%				43274.0				28%		63.6%										6.81E+15		0.00001273		12.73																				53.97901717323995

		1994.0		1.15E+16		63557		111167		0.000009648		9648		-24.2%		17678		181549		0.61		13.4%		6.3468E+04		49.7%				153.4		-31%		651790		44%				8.28316E+15		1947152000		4253987.389		50.9%				44998.4				50%		97.6%										1.15E+16		0.00000965		9.65																				61.232797223516144

		1995.0		1.97E+16		108484		153570		0.000007808		7808		-19.1%		22094		223345		0.69		12.3%		8.8059E+04		38.7%				112.3		-27%		890157		37%				1.40884E+16		2515432256		5600775.711		31.7%				49075.8				39%		122.4%										1.97E+16		0.00000781		7.81																				68.75918261288655

		1996.0		2.91E+16		160584		138894		0.000004771		4771		-38.9%		23254		216743		0.64		-6.8%		1.3432E+05		52.5%				79.9		-29%		1251974		41%				2.41598E+16		2782794693		8681848.628		55.0%				48986.5				53%		95.5%										2.91E+16		0.00000477		4.77																				64.08228925433764

		1997.0		5.59E+16		308567		141186		0.000002524		2524		-47.1%		25338		257449		0.55		-14.4%		2.1729E+05		61.8%				45.3		-43%		2207822		76%				4.62808E+16		3367793527		13742169.89		58.3%				59888.0				62%		106.0%										5.59E+16		0.00000252		2.52																				54.84020135002534

		1998.0		1.02E+17		561772		126151		0.000001239		1239		-50.9%		26810		257956		0.49		-10.8%		3.9482E+05		81.7%				26.3		-42%		3798728		72%				8.98817E+16		3419938918		26281677.87		91.2%		1.018E+17		58955.7		2.E+06		82%		89.5%										1.02E+17		0.00000124		1.24																				48.90411579315078

		1999.0		1.59E+17		878715		149379		0.000000938		938		-24.3%		26088		299816		0.50		1.9%		5.3134E+05		34.6%				16.4		-38%		6106456		61%				1.40785E+17		3043623952		46255701.69		76.0%		1.593E+17		68119.1		2.E+06		35.4%		46.5%				208883.7						1.59E+17		0.00000094		0.94																				49.8234231483237

		2000.0		2.92E+17		1610647		204394		0.000000700		700		-25.4%		28423		373357		0.55		9.9%		7.8209E+05		47.2%				9.7		-41%		10273347		68%				2.69006E+17		3995312000		67330308.5		45.6%		2.920E+17		86514.6		3.E+06		44.3%		97.3%				258987.6						2.92E+17		0.00000070		0.70																				54.74485194312469

		2001.0		3.47E+17		1912962		138963		0.000000401		401		-42.8%		24054		293834		0.47		-13.6%		1.1803E+06		50.9%				6.9		-29%		14418000		40%				4.16967E+17		4059866000		102704705.3		52.5%		3.468E+17		68546.1		5.E+06		49.9%		95.0%		96.1%		202785.5																														47.292973926187855

		2002.0		5.53E+17		3049966		140719		0.000000254		254		-36.5%		26950		335632		0.42		-11.3%		1.6475E+06		74.1%				4.9		-30%		20517099		42%				5.87509E+17		4065774000		144501181.8		40.7%		5.529E+17		78555.4		7.E+06		39.1%		96.1%		1.03		232715.3																														41.92657140622125

		2003.0		8.57E+17		4726956		166426		0.000000194		194		-23.7%		29472		366731		0.45		8.2%		2.3368E+06		41.8%				3.4		-29%		29077538		42%				8.37152E+17		4331324000		193278500.5		33.8%		8.570E+17		90290.0		9.E+06		34.8%		103.2%		1.00		247469.2																														45.38083699828741

		2004.0		1.15E+18		6357268		213027		0.000000185		185		-4.8%		33685		435253		0.49		7.9%		2.6480E+06		13.3%				2.9		-15%		34214673		18%				1.52715E+18		6878244000		222025421		14.9%		1.153E+18		105708.4		1.E+07		14.9%		100.0%		0.97		290625.4																														48.94330965995427

		2005.0		1.78E+18		9839442		231969		0.000000130		130		-29.6%		34739		452506		0.51		4.7%		3.9421E+06		48.9%				1.9		-33%		51349837		50%				2.10655E+18		6449207545		326636395.4		47.1%		1.784E+18		112465.2		2.E+07		45.5%		96.5%		1.00		299444.7																														51.263229111015065

		2006.0		2.98E+18		16430218		213779		0.000000072		72		-44.8%		35793		442980		0.48		-5.9%		6.7242E+06		70.6%				217847532891.0		11186435306070%		0		-100%				3.44375E+18		6199144759		555520705.8		70.1%		2.979E+18		110421.9		3.E+07		70.1%		100.0%		1.00		290468.6																														48.25932672248883

		2007.0						228050		0.000000000		0		0.0%		37926		473816		0.48		-0.3%		0.0000E+00		-100.0%				0.0		0%		0		-100%																																																						48.13046367549037

		2008.0						268105		0.000000000		0		0.0%		41100		534260		0.50		4.3%		0.0000E+00		0.0%				0.0		0%		0		0%																																																						50.182553065273694

		2009.0						304350		0.000000000		0		0.0%		44932		604758		0.50		0.3%		0.0000E+00		0.0%				0.0		0%		0		0%																																																						50.32594101083724

																																																				0.E+00



user:
Source: VLSI

user:
Source: SIA

Dan:
This is unyielded area divided by yielded units.

Dan:
This is unyielded area divided by yielded units.

Dan:
EIA YEARBOOK, 1969

user:
Source: SIA

user:
Source: SIA

user:
Source: SIA

user:
Source: SIA

Dan:
This is unyielded area divided by yielded units.

Dan:
This is unyielded area divided by yielded units.



1 Trans

		



Copyright © 2003 by VLSI Research Inc.

Here's the profitabily problem in chips.  Since 1995, ASPs have been on a steady decline
(all Semiconducor, including discretes).

Average Semiconductor Prices (in $)

Average Price-per-Chip



1 PPT

		Year		VLSI R Total Number of Transistors		World Motor Vehicle Production

				Units		Units		M Units

								10.2

		1955.0		3.20E+06		1.37E+07		13.7

		1956.0		6.26E+06		1.17E+07		11.7

		1957.0		9.38E+07		1.25E+07		12.5

		1958.0		1.21E+08		1.14E+07		11.4

		1959.0		2.13E+08		1.39E+07		13.9

		1960.0		3.16E+08		1.64E+07		16.4

		1961.0		4.46E+08		1.52E+07		15.2

		1962.0		9.36E+08		1.82E+07		18.2

		1963.0		1.32E+09		2.07E+07		20.7

		1964.0		1.66E+09		2.20E+07		22.0

		1965.0		2.45E+09		2.46E+07		24.6

		1966.0		7.01E+09		2.50E+07		25.0

		1967.0		2.42E+10		2.42E+07		24.2

		1968.0		8.65E+10		2.86E+07		28.6

		1969.0		3.58E+11		3.00E+07		30.0

		1970.0		9.07E+11		2.97E+07		29.7

		1971.0		1.29E+12		3.37E+07		33.7

		1972.0		1.90E+12		3.57E+07		35.7

		1973.0		4.08E+12		3.92E+07		39.2

		1974.0		6.71E+12		3.50E+07		35.0

		1975.0		6.19E+12		3.33E+07		33.3

		1976.0		9.16E+12		3.86E+07		38.6

		1977.0		1.36E+13		4.12E+07		41.2

		1978.0		2.01E+13		4.26E+07		42.6

		1979.0		3.82E+13		4.19E+07		41.9

		1980.0		5.55E+13		3.87E+07		38.7

		1981.0		9.76E+13		3.76E+07		37.6

		1982.0		9.67E+13		3.61E+07		36.1

		1983.0		1.43E+14		3.98E+07		39.8

		1984.0		2.39E+14		4.21E+07		42.1

		1985.0		2.50E+14		4.48E+07		44.8

		1986.0		3.36E+14		4.53E+07		45.3

		1987.0		6.21E+14		4.59E+07		45.9

		1988.0		1.01E+15		4.82E+07		48.2

		1989.0		1.55E+15		4.90E+07		49.0

		1990.0		2.08E+15		4.84E+07		48.4

		1991.0		3.00E+15		4.65E+07		46.5

		1992.0		4.90E+15		4.76E+07		47.6

		1993.0		6.81E+15		4.64E+07		46.4

		1994.0		1.15E+16		4.97E+07		49.7

		1995.0		1.97E+16		4.99E+07		49.9

		1996.0		2.91E+16		5.25E+07		52.5

		1997.0		5.59E+16		5.42E+07		54.2

		1998.0		1.02E+17		5.35E+07		53.5

		1999.0		1.59E+17		5.57E+07		55.7

		2000.0		2.92E+17		5.74E+07		57.4

		2001.0		3.47E+17		5.63E+07		56.3

		2002.0		5.53E+17		5.83E+07		58.3

		2003.0		8.57E+17		6.07E+07		60.7

		2004.0		1.15E+18		6.37E+07		63.7

		2005.0		1.78E+18		0.00E+00

		2006.0		1.64E+07		0.00E+00

		2007.0		0.00E+00		0.00E+00

		2008.0		0.00E+00		0.00E+00

		2009.0		0.00E+00		0.00E+00
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FORDARCH

		

		Year		Average Price Per Transistor		Growth

				(Nano-$)

		1947.0

		1954.0		5515915658

		1955.0		4764389874		-13.6%

		1956.0		4126301944		-13.4%

		1957.0		3445674819		-16.5%

		1958.0		3403135624		-1.2%

		1959.0		3597366557		5.7%

		1960.0		2752238163		-23.5%

		1961.0		1881241840		-31.6%

		1962.0		1689134864		-10.2%

		1963.0		1471319587		-12.9%

		1964.0		1336458146		-9.2%

		1965.0		790997826		-40.8%

		1966.0		369898126		-53.2%

		1967.0		101254746		-72.6%

		1968.0		30039416		-70.3%

		1969.0		8555719		-71.5%

		1970.0		3606948		-57.8%

		1971.0		2399607		-33.5%

		1972.0		2263069		-5.7%

		1973.0		2010316		-11.2%

		1974.0		1678944		-16.5%

		1975.0		905840		-46.0%

		1976.0		789998		-12.8%

		1977.0		616331		-22.0%

		1978.0		535143		-13.2%

		1979.0		454580		-15.1%

		1980.0		412257		-9.3%

		1981.0		303207		-26.5%

		1982.0		202897		-33.1%

		1983.0		170129		-16.2%

		1984.0		147100		-13.5%

		1985.0		123619		-16.0%

		1986.0		115041		-6.9%

		1987.0		70231		-39.0%

		1988.0		56480		-19.6%

		1989.0		39888		-29.4%

		1990.0		30284		-24.1%

		1991.0		21948		-27.5%

		1992.0		14217		-35.2%

		1993.0		12729		-10.5%

		1994.0		9648		-24.2%

		1995.0		7808		-19.1%

		1996.0		4771		-38.9%

		1997.0		2524		-47.1%

		1998.0		1239		-50.9%

		1999.0		938		-24.3%

		2000.0		700		-25.4%

		2001.0		401		-42.8%

		2002.0		254		-36.5%

		2003.0		194		-23.7%

		2004.0		185		-4.8%

		2005.0		130		-29.6%

		2006.0		72		-44.8%

		2007.0		0		0.0%

		2008.0		0		0.0%

		2009.0		0		0.0%
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FORDARCH

		



Integrated Circuit Invented

Moore's first paper

Moore's second paper

Average Price Per Transistor for all Semiconductors
(in Nanodollars)



Tran Prod

		Filename: M:\109sciam\FORDARCH.WK1

		Ford Motor Co. Archives, Dearborn, MI

		FY Year Ending Sept 30

		Year		Average		Average		Average		1000		Cars Sold

				Price		Cost		Profit

		1904		506.75		394.48		112.27		1.708		1708

		1905		845.10		715.55		129.55		1.695		1695

		1906		760.72		685.62		75.10		1.599		1599

		1907		593.71		473.20		120.51		8.423		8423

		1908		574.85		410.01		164.84		6.398		6398

		1909		650.86		446.83		204.03		10.607		10607

		1910		784.36		504.25		280.11		18.664		18664

		1911		575.37		415.71		159.66		34.528		34528

		1912		445.35		308.50		136.85		78.44		78440

		1913		361.72		242.61		119.11		168.304		168304

		1914		341.21		241.60		99.61		248.307		248307

		1915		354.08		246.22		107.86		288.728		288728

		1916		345.75		237.67		108.08		472.35		472350

		1917		287.28		246.06		41.22		730.041		730041

		1918		241.81		204.96		36.85		656.165		656165

		1919		384.00		296.14		87.86		487.802		487802

		1920		407.19		320.86		86.33		635.226		635226

		1921		412.46		309.05		103.41		690.755		690755

		1922		442.75		343.03		99.72		933.72		933720





Tran Prod

		



Average Price

Average Cost

Average Profit

YEAR

DOLLARS PER UNIT SOLD

FORD MOTOR COMPANY'S EQUIVALENT TO MOORE'S LAW
(the early years of the auto industry)



DiffRte

		



Source: Ford Motor Co. Archives, Dearborn, MI
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Source: Semiconductor Industry Association

Year

Worldwide Transistor Production in Units

World Wide Transistor Production
(Merchant Producers only)
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																																										TCI		30509.02

				DIFFUSION RATES

		YEAR		IC ONLY

				EQPT INTO		SEMI INTO		ELECTRONICS

				SEMI		ELECTRONICS		INTO GDP

				($M)		($M)		($M)

		1960		28		758		16558

		1961		34		839		19338

		1962		42		977		22125

		1963		61		1298		24445

		1964		79		1569		25942

		1965		105		1942		28847

		1966		165		2594		33422

		1967		108		2452		36127

		1968		105		2597		38268

		1969		162		3062		43900

		1970		255		3270		43050

		1971		186		3085		45926

		1972		261		4309		55268

		1973		348		5669		73260

		1974		386		7012		87950

		1975		272		5603		90020

		1976		477		7237		95000

		1977		645		8362		99700

		1978		925		10753		122200

		1979		1477		13528		146300

		1980		2228		18170		173400

		1981		2442		19792		214500

		1982		2740		19615		269008

		1983		3777		24359		311021

		1984		6222		35097		359022

		1985		5747		30959		374288

		1986		5063		38707		407127

		1987		5559		43618		462721

		1988		8106		57140		512863

		1989		9308		61924		557741

		1990		9778		62953		591594

		1991		10430		65849		600323

		1992		10045		69603		624247

		1993		12643		86741		660576

		1994		18851		111167		715027

		1995		30555		153570		777210

		1996		34868		138894		832754

		1997		34694		141186		892169

		1998		26071		126151		935488

		1999		31878		149379		1011635

		2000		55528		204394		1145093

		2001		35394		138963		1050094

		2002		26210		140719		988731
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Chips and Equipment have been tracking Electronics growth rates since 1995, albeit with higher volatility.

Electronics

Chips

Chip Equipment

(Revenues in $M)

Hi-Tech Revenues Worldwide



Here, the blue line that matches long-term electronics growth has been copied and overlaid on the  Chips and Equipment  Revenue lines.  Note how they  appear to have reached saturation.  After 8 years of tracking electronics, it is safe to say that a new and slower growth trend has emerged for Chips and Equipment.

So far, the trend in volatility has been to grow.  The reason is that companies have been running a strategy of market share rather than profits.     - - Dan
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• 1957 – “Traitorous Eight” leaving Shockley 
Transistor in 1957 to start Fairchild 
Semiconductor.  

• 1958 – Jean Hoerni invents the planar process
– Only viewed as an important improvement in 

manufacturing.
• 1958 – Jack Kilby wire bonds components 

together to make first IC.
• Done over Christmas Holiday and formally unveiled in March 1959

• 1959 – Robert Noyce has idea of using planar 
process to make IC.  Modern IC invented.

• Entered in engineering notebook, January 1959

The IC unfolds
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• 1960 – Moore tells senior marketing 
person, “Do not oversell the future of 
integrated circuits.  ICs will never be as 
cheap as the same function implemented 
using discrete components.”

• 1963 – First commercial IC shipped by 
Fairchild. 

• 1965 – Gordon Moore’s Paper published 
in Electronics on page 114.

The painful path to market
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• 1968 – Intel founded with ML strategy.
• 1975 – Moore’s 2nd paper:

– Node clock slowed from 12 to 24 months.
– Tax law plays a factor.  12 months too fast to 

depreciate.
• Intel’s success came in large part due to a 

better understanding of Moore’s Law.
– They paced to system introductions.

Moore’s Law kicks in
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If the semiconductor were fully adjusted for inflation, its size in 2004 
would have been 6 million-trillion dollars . . . or 10’s of K x GWP.
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F 1 Moore's Law

		YEAR						TRANSISTORS										INITIAL		TRANSISTORS		K Trans																																																				Annual Shrinkage						TRANSISTORS

		IN						(K)										AREA		(K)		Per																																																										(Average, K)

		PRODUCTION		YEAR		Early IC'S		MPU's		DRAM's								MM^2				CM^2																																																				Average		MPU		DRAM				MPU		DRAM

		Jan-59		1959		0.001																																																																		1959.0								0.001

				1960																																																																				1960.0

				1961																																																																				1961.0

		Dec-61		1962		0.007						2.8																				6.964404506368992																																								1962.0		91%						0.007

		Jan-63		1963		0.017						4.1																				17.148375400580683																																								1963.0		143%						0.017

		Jun-64		1964		0.028						4.8																				27.857618025475972																																								1964.0		65%						0.028

		Feb-65		1965		0.06						5.9																				59.7141114583557																																								1965.0		114%						0.06

				1966																																																																				1966.0

				1967																																																																				1967.0

				1968																																																																				1968.0

				1969																																																																				1969.0

				1970		2.048																																																																		1970.0		103%						2.048

		Nov-1971		1971				2.3		3.8		4004.0				4004.0		18		2		0.0013												1971		1972		1974		1976		1978		1979		1981		1982		1984		1985		1987		1989		1990		1993		1993		1995		1995		1996		1997		1971.0		49%		12%		86%				2.3		3.8

		Feb-1972		1972				4.0				6800.0																						2.3		4.0		6.0				28.0		68.0				134.0		190.0		275.0		273.0		1200.0		1170.0		3300.0		2800.0		5500.0		3600.0		6900.0		15950.0		1972.0		74%		74%						4.0

				1973																																																																				1973.0

		Apr-1974		1974				6.0		10.0		8080.0				8080.0		40		6		0.0015												3.8				10.0		36.0						104.0						297.0				1180.0				4700.0								19000.0		76000.0		1974.0		30%		22%		38%				6.0		10.0

				1975																																																																				1975.0

		Jan-1976		1976						36.0																																																														1976.0		90%				90%						36.0

				1977																																																																				1977.0

		Jun-1978		1978				28.0				8086.0				8086.0		72		28		0.0039																																																		1978.0		47%		47%						28.0

		Jul-1979		1979				68.0				68000.0																																																												1979.0		143%		143%						68.0

				1980																																																																				1980.0

		Jan-1981		1981						104.0																																																														1981.0		24%				24%						104.0

		Feb-1982		1982				134.0				286.0				286.0		90		134		0.0149																																																		1982.0		25%		25%						134.0

				1983																																																																				1983.0

		May-1984		1984				190.0				68020.0																																																												1984.0		19%		19%						190.0

		Oct-1985		1985				275.0		297.0		386DX				386.0		107		297		0.0278																																																		1985.0		37%		45%		30%				275.0		297.0

				1986																																																																				1986.0

		Mar-1987		1987				273.0				68030.0																																																												1987.0

				1988																																																																				1988.0

		Apr-1989		1989				1200.0		1180.0		486DX				486DX2		168		1200		0.0714																																																		1989.0		43%		45%		41%				1200.0		1180.0

		Nov-1990		1990				1170.0				68040.0																																																												1990.0

				1991																												Also:																																								1991.0

				1992												Pentium		294		3300		0.1122																																																		1992.0

		Mar-1993		1993				3300.0		4700.0		Pentium																				Nov-1993		PwrPC601		2800.0																																				1993.0		35%		29%		41%				3300.0		4700.0

				1994												P Pro		309		5500		0.1783																																																		1994.0

		Nov-1995		1995				5500.0				Pentium Pro				P3		217		15950		0.7350										Dec-1995		PwrPC604		3600.0																																				1995.0		29%		29%						5500.0

		Dec-1996		1996				6900.0		19000.0		PwrPC620																																																												1996.0		42%		25%		59%				6900.0		19000.0

				1997				7500.0				Pentium III																																																												1997.0

		Dec-1998		1998				15950.0		76000.0		Pentium III				P4		243		49000		2.0146																																																		1998.0		76%		52%		100%				15950.0		76000.0

		Dec-1999		1999				24000.0				Pentium III				Itanium - 2		465		221000		4.7527																																																		1999.0						-100%						0.0

				2000						152000.0						Itanium - 3		374		410000		10.9626																																																		2000.0

		Jan-2001		2001				42000.0				Pentium 4																																																												2001.0		-31%		38%		-100%				42000.0		0.0

				2001

				2002				55000.0		304100.0		Pentium 4

				2003

				2004

				2005				1700000.0		608200.0		Intel Montecito

		YEAR						TRANSISTORS

		IN						(K)				DRAM																																																												Average Annual Reduction Rate

		PRODUCTION																																																																						1959-1965		103%

																																																																								1966-1975		69%		36%		71%

		Jan-1971						3.8				1K																						0.0		1.0																																				1976-1985		55%		56%		48%

		Jun-1974						10.0				4K																						2.0		4.0																																				1986-1995		37%		32%		47%

		Jan-1976						36.0				16K																						4.0		16.0																																				1996-2001		29%		39%		-10%

		Jan-1981						104.0				64K																						6.0		64.0																																				1976-2001		45%		45%		21%

		Jan-1985						297.0				256K																						8.0		256.0																																				Average Months to Double Device Complexity

		Aug-1989						1180.0				1M																				1.15234375		10.0		1024.0																																				1959-1965		12

		Feb-1993						4700.0				4M																				1.1474609375		12.0		4096.0																																				1966-1975		17		33		17

		Sep-1996						19000.0				16M																				1.15966796875		14.0		16384.0																																				1976-1985		22		22		25

		Dec-1998						76000.0				64M																				1.15966796875				65536.0																																				1986-1995		32		38		25

		Jan-2000						152000.0				128M																				1.1598587036132812				131072.0																																				1996-2001		41		31		-118

		Jan-2002						304100.0				256M																				1.1600494384765625				262144.0																																				1976-2001		27		27		58

		Jan-2005						608200.0				512M																				1.1600494384765625				524288.0																																				1976-2001		0		0		0



8088 was introduced in 79.  The difference was that it was an 8 bit MPU instead of a 16 bit.  According to Howard High at Intel.  The total # of transistors was roughly the same and the speed was the same for both chips. -- GDH 3/31/97

G. Dan Hutcheson:
Gordon Moore's Paper in 1965.   With the exception of 1959's Transistor, all through 65 are bipolar logic. -- gdh 2/3/02

Source Intel.

G. Dan Hutcheson:
Gordon Moore's Paper in 1965.   With the exception of 1959's Transistor, all through 65 are bipolar logic. -- gdh 2/3/02

G. Dan Hutcheson:
Gordon Moore's Paper in 1965.   With the exception of 1959's Transistor, all through 65 are bipolar logic. -- gdh 2/3/02

G. Dan Hutcheson:
Gordon Moore's Paper in 1965.   With the exception of 1959's Transistor, all through 65 are bipolar logic. -- gdh 2/3/02

G. Dan Hutcheson:
Gordon Moore's Paper in 1965.   With the exception of 1959's Transistor, all through 65 are bipolar logic. -- gdh 2/3/02

Source Intel for their MPU's  Motorola MPUs come from them.



F 1 Moore's Law

		



Early IC'S

MPU's

DRAM's

Year

Components (K)

Five Decades of Moore's Law



F 2 CD's

								Annual		Annual						Quoted		Wafer		Pixels		Avg Trans		Leading Edge				nanometer		1/1000000000		1.0E-9

								Linear		Areal		Lithography				Throughput		Size		Per		Per		Trans Per		Efficiency

		CD (mils)		YEAR		CD (nm)		Shrink (%)		Shrink (%)		Method								Sq CM		Sq CM		Sq CM																												YEAR		CD		Lithography Technology		Etch

																				(M)		(M)		(M)		Pxls/Trans																												(microns)

		10		1957		254000						Camel's Hair Brush, Hand Painting				2				0.002																																1957.0		254.000		Camel's Hair Brush, Hand Painting		Wet

		5		1958		127000		50%		75%		Silk Screen Printer		1958.0		10				0.006																																1958.0		127.000		Silk Screen Printer

		3		1959		76200		40%		64%		Contact Printer W/Emulsion Plates								0.02																																1959.0		76.200		Contact Printer W/Emulsion Plates

		2		1960		50800		33%		56%		Contact Printer W/Emulsion Plates								0.04																																1964.0		16.000		Contact Printer W/Chrome Plates

				1961																																																1972.0		8.000		Proximity Aligner

		1		1962		25400		29%		50%		Contact Printer W/Emulsion Plates								0.16																																1974.0		5.000		Projection Aligner		Barrel Plasma

		CD (microns)		1963																																																1982.0		2.000		g-line Stepper		Planar Plasma

		16		1964		16000		21%		37%		Contact Printer W/Chrome Plates								0.39																																1984.0		1.500				Reactive Ion Etching

				1965																		0.00004																														1988.0		1.000				High Density Plasma

				1966																		0.00006																														1990.0		0.800		i-line Stepper

				1967																		0.00006																														1997.0		0.250		248nm Scanner

				1968																		0.00015																														2003.0		0.090		193nm Scanner

		10		1969		10000		9%		17%		Contact Printer W/Chrome Plates								1		0.00053				1888

				1970																		0.00094

				1971																		0.00123

		8		1972		8000		7%		14%		Proximity Aligner				30				2		0.00144				1088

				1973																		0.00219

		5		1974		5000		21%		38%		Projection Aligner				30				4		0.00324				1236

				1975																		0.00303

		4		1976		4000		11%		20%		Projection Aligner				60				6		0.00303				2061

				1977																		0.00390

				1978																		0.00512

		3		1979		3000		9%		17%		Projection Aligner				120				11		0.00771				1442

		0		1980																		0.01005

				1981																		0.01924

		2.0		1982		2000		13%		24%		g-line Stepper				60				25		0.01881				1329

				1983																		0.02329

		1.50		1984		1500		13%		25%		g-line Stepper				90				44		0.02540				1750

				1985																		0.03794

		1.3		1986		1250		9%		17%		g-line Stepper								64		0.04249				1506

				1987																		0.06230

		1.0		1988		1000		11%		20%		g-line Stepper								100		0.08675				1153

				1989																		0.12350

		0.8		1990		800		11%		20%		i-line Stepper								156		0.15064				1037

				1991																		0.22772

				1992																		0.38828

		0.60		1993		600		9%		17%		i-line Stepper				100				278		0.45275				614

				1994																		0.65179

		0.35		1995		350		24%		42%		i-line Stepper				100				816		0.89016				917

				1996																		1.25197

		0.25		1997		250		15%		29%		248nm Scanner				100				1600		2.20782				725

				1998																		3.79873

				1999		180		15%		28%		248nm Scanner				100				3086		6.10646				505

				2000																		10.27335

		0.13		2001		130		15%		28%		248nm Scanner				100				5917		14.41800				410

				2002																		20.51710

				2003		90		17%		31%		193nm Scanner				125				12346		29.07754				425

				2004																		34.21467

				2005		65		15%		28%		193nm Scanner				150				23669		51.34984				461

		Average Annual Areal CD Reduction Rate

		1959-1965		52%

		1966-1975		22%

		1976-1985		22%

		1986-1995		23%

		1995-2001		28%

		1976-2001		24%

		Average Months to Double Device Complexity

		1959-1965		23

		1966-1975		54

		1976-1985		56

		1986-1995		52

		1991-2001		43

		1976-2001		50



Figure 1
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Moore's Law: Still going strong after 40 years.
(April 19, 1965 to 2005)
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F 3 averages

														Areal														Wafer

				Integration		Areal		Die Area				Yield		Reduction								Yield						Area

				Growth		Reduction		Increase				Reduction		as a % of total								Reduction

																										1965.0		285				19.049999999999997

		Average Annual Reduction Rate																								1968.0		506		-21%		25.4

		1959-1965		103%		52%		0%				0%		50%						1965.0		20.0				1970.0		791		-25%		31.75

		1966-1975		69%		22%		16%				6%		32%						1972.0		30.0		-6%		1975.0		3165		-32%		63.5

		1976-1985		55%		22%		13%				4%		39%						1980.0		40.0		-4%		1978.0		4558		-13%		76.19999999999999

		1986-1995		37%		23%		13%				4%		62%						1990.0		60.0		-4%		1982.0		7850		-15%		100.0

		1995-2001		29%		28%		2%				4%		97%						2000.0		85.0		-4%		1985.0		12266		-16%		125.0

		1976-2001		45%		24%		9%				4%		54%						1976-2001						1988.0		17663		-13%		150.0

																										1994.0		31400		-10%		200.0

		Average Months to Double Device Complexity

		1959-1965		12		23																Die				Die

		1966-1975		17		54																Area				Area

		1976-1985		22		56																K sq mils				K sq mils

		1986-1995		32		52

		1991-2001		41		43														1959.0		2.0				2.0

		1976-2001		27		50														1962.0		2.0		0%		2.0

																Die				1964.0		6.0		-73%		6.0

																area				1969.0		12.0		-15%		12.0

																MM^2				1970.0		14.0		-17%		14.0

												4004.0		1971.0		18				1972.0		16.0		-7%		16.0

												8080.0		1974.0		40		-30%		1975.0		32.0		-26%		32.0		178.88543819998318		0.7042733787400913		0.4960009920019841

												8086.0		1978.0		72				1978.0				-16%

												286.0		1982.0		90				1982.0				-6%

												386.0		1985.0		107				1985.0				-6%

												486DX2		1989.0		168				1989.0				-12%

												Pentium		1993.0		294				1993.0				-15%

												P Pro		1995.0		309				1995.0				-2%



Source: Intel, Joann Hasegawa

8088 was introduced in 79.  The difference was that it was an 8 bit MPU instead of a 16 bit.  According to Howard High at Intel.  The total # of transistors was roughly the same and the speed was the same for both chips. -- GDH 3/31/97



DRAM Prc-p-bit

		DRAM MARKET HISTORY

		YEAR		UNITS SHIPPED		BITS		SALES ($)				YEAR		PRICE PER GIGABIT ($)		PRICE PER BIT (Nano-$)		TRANSISTORS (tera-units)		PRICE PER TRANSISTOR (micro-$)				SHIPMENTS (M units)		TERABITS						SALES ($B)		REAL SALES (1971 $B)

		1971		1.00E+06		1.02E+09		1.30E+07				1971		12695313		12695312.50		0.0		4231.771				1.0		0.0				1971.0		0.013		0

		1972		4.00E+06		4.10E+09		3.90E+07				1972		9521484		9521484.38		0.0		3173.828				4.0		0.0				1972.0		0.039		0

		1973		8.00E+06		8.19E+09		6.00E+07				1973		7324219		7324218.75		0.0		2441.406				8.0		0.0				1973.0		0.060		0

		1974		1.80E+07		2.15E+10		9.70E+07				1974		4510789		4510788.69		0.1		1605.535				18.0		0.0				1974.0		0.097		0

		1975		2.50E+07		4.10E+10		1.15E+08				1975		2807617		2807617.19		0.1		1123.047				25.0		0.0				1975.0		0.115		1

		1976		4.25E+07		1.37E+11		2.05E+08				1976		1493995		1493994.87		0.3		730.640				42.5		0.1				1976.0		0.205		2

		1977		4.93E+07		1.86E+11		2.64E+08				1977		1422022		1422021.51		0.4		749.673				49.3		0.2				1977.0		0.264		2

		1978		1.07E+08		6.43E+11		3.76E+08				1978		585066		585066.12		1.0		384.570				107.1		0.6				1978.0		0.376		8

		1979		1.47E+08		1.48E+12		4.38E+08				1979		295805		295805.24		1.8		247.245				147.0		1.5				1979.0		0.438		19

		1980		2.34E+08		3.38E+12		5.69E+08				1980		168536		168536.26		3.5		161.202				234.0		3.4				1980.0		0.569		43

		1981		2.41E+08		3.99E+12		6.30E+08				1981		157955		157954.91		4.1		154.388				241.0		4.0				1981.0		0.630		51

		1982		3.18E+08		9.45E+12		8.80E+08				1982		93157		93157.18		9.5		92.575				318.0		9.4				1982.0		0.880		120

		1983		5.99E+08		2.83E+13		1.32E+09				1983		46490		46489.86		28.4		46.429				598.8		28.3				1983.0		1.317		360

		1984		9.71E+08		6.40E+13		3.62E+09				1984		56554		56554.27		64.0		56.536				971.0		64.0				1984.0		3.620		813

		1985		7.52E+08		8.95E+13		1.50E+09				1985		16720		16719.96		89.5		16.719				752.0		89.5				1985.0		1.496		1136

		1986		8.49E+08		1.45E+14		1.53E+09				1986		10572		10572.01		144.7		10.572				849.1		144.7				1986.0		1.529		1837

		1987		8.49E+08		2.15E+14		2.36E+09				1987		10981		10980.78		214.8		10.981				849.0		214.8				1987.0		2.359		2728

		1988		1.18E+09		3.38E+14		6.39E+09				1988		18917		18917.26		337.8		18.917				1176.0		337.8				1988.0		6.390		4288

		1989		1.23E+09		6.10E+14		8.44E+09				1989		13837		13836.91		610.0		13.837				1227.6		610.0				1989.0		8.441		7745

		1990		1.32E+09		9.39E+14		6.36E+09				1990		6772		6772.14		938.6		6.772				1315.1		938.6				1990.0		6.356		11916

		1991		1.27E+09		1.56E+15		6.60E+09				1991		4243		4243.48		1556.5		4.243				1274.2		1556.5				1991.0		6.605		19760

		1992		1.49E+09		2.91E+15		8.52E+09				1992		2929		2929.42		2909.4		2.929				1493.4		2909.4				1992.0		8.523		36936

		1993		1.50E+09		4.23E+15		1.31E+10				1993		3109		3108.68		4227.0		3.109				1499.4		4227.0				1993.0		13.140		53663

		1994		1.95E+09		8.28E+15		2.34E+10				1994		2827		2827.10		8283.2		2.827				1947.2		8283.2				1994.0		23.417		105157

		1995		2.52E+09		1.41E+16		4.08E+10				1995		2898		2898.33		14088.4		2.898				2515.4		14088.4				1995.0		40.833		178856

		1996		2.78E+09		2.42E+16		2.51E+10				1996		1040		1040.25		24159.8		1.040				2782.8		24159.8				1996.0		25.132		306716

		1997		3.37E+09		4.57E+16		1.98E+10				1997		433		433.45		46280.8		0.428				3367.8		45675.3				1997.0		19.798		579863

		1998		3.42E+09		8.04E+16		1.40E+10				1998		174		174.29		89881.7		0.156				3419.9		80389.0				1998.0		14.011		1020564

		1999		3.04E+09		1.41E+17		2.07E+10				1999		147		147.13		140785.0		0.147				3043.6		140785.0				1999.0		20.71		1787309

		2000		4.00E+09		2.69E+17		2.89E+10				2000		107		107.46		269005.6		0.107				3995.3		269005.6				2000.0		28.907		3415110

		2001		4.06E+09		4.17E+17		1.12E+10				2001		27		26.86		416967.3		0.027				4059.9		416967.3				2001.0		11.199		5293531

		2002		4.07E+09		5.88E+17		1.53E+10				2002		26		25.96		587509.1		0.026				4065.8		587509.1				2002.0		15.254		7458612

		2003		4.33E+09		8.37E+17		1.67E+10				2003		20		19.93		837151.8		0.020				4331.3		837151.8				2003.0		16.688		10627904

		2004		6.88E+09		1.53E+18		2.68E+10				2004		18		17.58		1527145.0		0.018				6878.2		1527145.0				2004.0		26.842		19387583

		2005		6.45E+09		2.11E+18		3.20E+10				2005		15		15.19		2106545.9		0.015				6449.2		2106545.9				2005.0		32.000		26743259

		2006		6.20E+09		3.44E+18		2.64E+10				2006		8		7.66		3443753.3		0.008				6199.1		3443753.3				2006.0		26.377		43719524



Taken from Dec 98 Blue Book.  LC 11/5/99
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1 Trans

																																																																		WSTS

		Year		VLSI R Total Number of Transistors		REAL Semiconductor SALES (1954 $T)		Semiconductor Revenues		Average Price Per Transistor		Average Price Per Transistor		Growth		W.W. Silicon Shipped		W.W. Units Shipped		Average Price Per Unit		Growth		Average Transistors Per Unit		Growth in xistors per Unit				Average Area per Transistor		Growth		Transistors per Sq CM		Growth		Leading Edge Trans per Sq CM		Total Number of DRAM Trans		Total Number of DRAMs		DRAM Transistors per Unit		Growth in DRAM trans per Unit		Total IC Transistors		Total Number of ICs		IC Transistors per Unit		Growth in IC trans per Unit		Ratio Trans to DRAM Growth		ADJ		Total Number of Discretes				Semiconductor Revenues		Total Number of Transistors		Average Price Per Transistor		Average Price Per Transistor								% of xistors Germanium		Germanium Transistors		Silicon Transistors		Total Transistors		ICs				Average Price Per Unit

								(ww in $M)		($)		(Nano-$)				(MCM^2)		(M Units)												Square Microns										(Units)		(Units)		(Units)						(M Units)										(M Units)				(ww in $M)		(Units)		($)		(Micro-$)										(MU)		(MU)		(MU)		(MU)

		1947.0																																																																Invention of Transistor

		1954.0				0		7		5.515915658		5515915658																																																				5.1		1.31E+06		5.51591566		5515915.66																				0.0

		1955.0		3.20E+06		0		17		4.764389874		4764389874		-13.6%				3		5.45				1.0000E+00		0.0%																																						12.3		3.66E+06		4.76438987		4764389.87																				545.0334398093113

		1956.0		6.26E+06		0		52		4.126301944		4126301944		-13.4%				6		8.38		53.8%		1.0000E+00		0.0%																																						37.0		1.27E+07		4.12630194		4126301.94																				838.0991619707326

		1957.0		9.38E+07		0		244		3.445674819		3445674819		-16.5%				94		2.60		-69.0%		1.0000E+00		0.0%																																						172.0		7.08E+07		3.44567482		3445674.82																				260.01213901836195

		1958.0		1.21E+08		0		319		3.403135624		3403135624		-1.2%				121		2.64		1.5%		1.0000E+00		0.0%																																						225.0		9.38E+07		3.40313562		3403135.62																				263.8907897158198

		1959.0		2.13E+08		0		518		3.597366557		3597366557		5.7%				213		2.44		-7.7%		1.0000E+00		0.0%																																						389.0		1.44E+08		3.59736656		3597366.56																				243.55604125086904

		1960.0		3.16E+08		0		758		2.752238163		2752238163		-23.5%		5		316		2.40		-1.6%		1.0000E+00		0.0%				1,509,671.29				38																														650.0		2.75E+08		2.75223816		2752238.16								43.2%		119.0		8.8		127.8						239.6559271188743

		1961.0		4.46E+08		0		839		1.881241840		1881241840		-31.6%		5		356		2.36		-1.6%		1.2542E+00		25.4%				1,106,663.50		-27%		54		44%																												700.0		4.46E+08		1.88124184		1881241.84								39.9%		177.9		13.0		190.9		5.0				235.94099775095626

		1962.0		9.36E+08		0		977		1.689134864		1689134864		-10.2%		6		723		1.35		-42.7%		1.2953E+00		3.3%				654,555.59		-41%		96		77%																												700.0		5.79E+08		1.68913486		1689134.86								36.9%		213.7		26.6		240.3		10.0				135.25058246408204

		1963.0		1.32E+09		0		1298		1.471319587		1471319587		-12.9%		12		986		1.32		-2.7%		1.3377E+00		3.3%				876,226.84		34%		82		-15%																												900.0		8.82E+08		1.47131959		1471319.59								28.3%		249.4		50.6		300.0		20.0				131.61224304687263

		1964.0		1.66E+09		0		1569		1.336458146		1336458146		-9.2%		26		1203		1.30		-0.9%		1.3816E+00		3.3%				1,553,238.12		77%		49		-41%																												1000.0		1.17E+09		1.33645815		1336458.15								24.6%		288.8		118.1		406.9		51.0				130.39403911658292

		1965.0		2.45E+09		0		1942		0.790997826		790997826		-40.8%		49		1721		1.13		-13.4%		1.4269E+00		3.3%				2,013,728.21		30%		43		-12%																												1300.0		2.45E+09		0.79099783		790997.83								13.6%		333.6		274.5		608.1		94.0				112.86500106418814

		1966.0		7.01E+09		0		2594		0.369898126		369898126		-53.2%		104		2458		1.06		-6.5%		2.8537E+00		100.0%				1,476,802.13		-27%		64		50%																												1600.0		7.01E+09		0.36989813		369898.13								5.3%		368.7		487.2		855.9		173.0				105.55891799531763

		1967.0		2.42E+10		0		2452		0.101254746		101254746		-72.6%		373		2303		1.06		0.9%		1.0514E+01		268.4%				1,542,063.98		4%		64		-0%																												1600.0		2.42E+10		0.10125475		101254.75								1.1%		270.3		489.5		759.8		272.0				106.46082763991156

		1968.0		8.65E+10		0		2597		0.030039416		30039416		-70.3%		580		2667		0.97		-8.5%		3.2418E+01		208.3%				671,211.27		-56%		149		132%																												1700.0		8.65E+10		0.03003942		30039.42								0.2%		199.3		684.1		883.4		367.0				97.38074378708393

		1969.0		3.58E+11		2		3062		0.008555719		8555719		-71.5%		676		3566		0.86		-11.8%		1.0035E+02		209.5%				188,805.27		-72%		530		256%																												2300.0		3.58E+11		0.00855572		8555.72																				85.85548427618744

		1970.0		9.07E+11		5		3270		0.003606948		3606948		-57.8%		960		3133		1.04		21.6%		2.8937E+02		188.4%				105,837.99		-44%		945		78%		1																										2350.0		9.07E+11		0.00360695		3606.95																				104.37280561761891

		1971.0		1.29E+12		7		3085		0.002399607		2399607		-33.5%		1042		2803		1.10		5.4%		4.5863E+02		58.5%				81071.5		-23%		1233		31%				3072000000		1000000		3072																						1.29E+12		0.00239961		2399.61																				110.05279680365298

		1972.0		1.90E+12		11		4309		0.002263069		2263069		-5.7%		1326		3539		1.22		10.6%		5.3796E+02		17.3%				69658.2		-14%		1436		16%				12288000000		4000000		3072		0.0%																				1.90E+12		0.00226307		2263.07																				121.74379838390688

		1973.0		4.08E+12		16		5669		0.002010316		2010316		-11.2%		1865		7083		0.80		-34.3%		5.7534E+02		6.9%				45765.2		-34%		2185		52%		2		24576000000		8000000		3072		0.0%																				2.82E+12		0.00201032		2010.32																				80.03783760888902

		1974.0		6.71E+12		23		7012		0.001678944		1678944		-16.5%		2072		11102		0.63		-21.1%		6.0410E+02		5.0%				30892.1		-32%		3237		48%				60416000000		18000000		3356.444444		9.3%								5%		54.0%										4.18E+12		0.00167894		1678.94																				63.158084360898194

		1975.0		6.19E+12		34		5603		0.000905840		905840		-46.0%		2044		8904		0.63		-0.4%		6.9467E+02		15.0%				33038.5		7%		3027		-6%				1.024E+11		25000000		4096		22.0%								15%		68.0%										6.19E+12		0.00090584		905.84																				62.92606776653451

		1976.0		9.16E+12		51		7237		0.000789998		789998		-12.8%		3020		11344		0.64		1.4%		8.0757E+02		16.3%				32968.2		-0%		3033		0%				2.80576E+11		42500000		6601.788235		61.2%								16%		26.6%										9.16E+12		0.00079000		790.00																				63.79752638028157

		1977.0		1.36E+13		75		8362		0.000616331		616331		-22.0%		3476		12949		0.65		1.2%		1.0478E+03		29.7%				25620.7		-22%		3903		29%		4		3.52154E+11		49300000		7143.075051		8.2%								30%		362.8%										1.36E+13		0.00061633		616.33																				64.57641516719438

		1978.0		2.01E+13		111		10753		0.000535143		535143		-13.2%		3927		15428		0.70		7.9%		1.3024E+03		24.3%				19541.8		-24%		5117		31%				9.77715E+11		107100000		9128.993464		27.8%								24%		87.4%										2.01E+13		0.00053514		535.14																				69.69614477197895

		1979.0		3.82E+13		164		13528		0.000454580		454580		-15.1%		4955		26657		0.51		-27.2%		1.4326E+03		10.0%				12974.5		-34%		7707		51%				1.77152E+12		147000000		12051.15646		32.0%								10%		31.2%										2.98E+13		0.00045458		454.58																				50.74830110608638

		1980.0		5.55E+13		243		18170		0.000412257		412257		-9.3%		5519		37886		0.48		-5.5%		1.4641E+03		2.2%				9950.6		-23%		10050		30%				3.52973E+12		234000000		15084.30769		25.2%								2%		8.7%										4.41E+13		0.00041226		412.26																				47.96004825039526

		1981.0		9.76E+13		360		19792		0.000303207		303207		-26.5%		5074		61251		0.32		-32.6%		1.5939E+03		8.9%				5196.9		-48%		19242		91%		15		4.08064E+12		241000000		16932.11618		12.2%								9%		72.4%										6.53E+13		0.00030321		303.21																				32.31310009518259

		1982.0		9.67E+13		533		19615		0.000202897		202897		-33.1%		5139		64281		0.31		-5.6%		2.1257E+03		33.4%				5315.7		2%		18812		-2%				9.50579E+12		318000000		29892.42767		76.5%								33%		43.6%										9.67E+13		0.00020290		202.90																				30.5146023612064

		1983.0		1.43E+14		790		24359		0.000170129		170129		-16.2%		6149		60531		0.40		31.9%		2.3654E+03		11.3%				4294.4		-19%		23286		24%				2.83656E+13		598800000		47370.77355		58.5%								11%		19.3%										1.43E+14		0.00017013		170.13																				40.24164697907467

		1984.0		2.39E+14		1316		35097		0.000147100		147100		-13.5%		9394		87911		0.40		-0.8%		2.7141E+03		14.7%				3937.2		-8%		25399		9%		28		6.40369E+13		971000000		65949.3965		39.2%				29280.7				15%		37.6%										2.39E+14		0.00014710		147.10																				39.92384665696434

		1985.0		2.50E+14		1381		30959		0.000123619		123619		-16.0%		6602		86570		0.36		-10.4%		2.8929E+03		6.6%				2636.1		-33%		37935		49%				8.94812E+13		752000000		118990.9787		80.4%				23839.4				7%		8.2%										2.50E+14		0.00012362		123.62																				35.76194579389732

		1986.0		3.36E+14		1856		38707		0.000115041		115041		-6.9%		7918		97861		0.40		10.6%		3.4382E+03		18.8%				2353.4		-11%		42492		12%				1.44661E+14		849100000		170369.6733		43.2%				29496.1				19%		43.7%										3.36E+14		0.00011504		115.04																				39.55366422862448

		1987.0		6.21E+14		3426		43618		0.000070231		70231		-39.0%		9969		105573		0.41		4.5%		5.8828E+03		71.1%				1605.2		-32%		62299		47%				2.14843E+14		849000000		253054.6431		48.5%				30708.8				71%		146.5%										6.21E+14		0.00007023		70.23																				41.31562076773164

		1988.0		1.01E+15		5580		57140		0.000056480		56480		-19.6%		11662		128356		0.45		7.7%		7.8820E+03		34.0%				1152.7		-28%		86750		39%		71		3.37773E+14		1176000000		287221.551		13.5%				36763.9				34%		251.7%										1.01E+15		0.00005648		56.48																				44.51689896839455

		1989.0		1.55E+15		8563		61924		0.000039888		39888		-29.4%		12570		135536		0.46		2.6%		1.1454E+04		45.3%				809.7		-30%		123505		42%				6.10035E+14		1227600000		496933.2864		73.0%				37429.6				45%		62.1%										1.55E+15		0.00003989		39.89																				45.68826168576004

		1990.0		2.08E+15		11466		62953		0.000030284		30284		-24.1%		13799		146716		0.43		-6.1%		1.4168E+04		23.7%				663.8		-18%		150642		22%				9.3858E+14		1315100000		713695.0632		43.6%				40606.3				24%		54.3%										2.08E+15		0.00003028		30.28																				42.9078249666554

		1991.0		3.00E+15		16549		65849		0.000021948		21948		-27.5%		13175		151194		0.44		1.5%		1.9844E+04		40.1%				439.1		-34%		227719		51%		112		1.55649E+15		1274200000		1221545.367		71.2%				41716.2				40%		56.3%										3.00E+15		0.00002195		21.95																				43.552748713017415

		1992.0		4.90E+15		27004		69603		0.000014217		14217		-35.2%		12609		148264		0.47		7.8%		3.3020E+04		66.4%				257.5		-41%		388278		71%				2.90943E+15		1493445000		1948135.683		59.5%				40035.3				66%		111.6%										4.90E+15		0.00001422		14.22																				46.94505736614585

		1993.0		6.81E+15		37588		86741		0.000012729		12729		-10.5%		15051		160695		0.54		15.0%		4.2406E+04		28.4%				220.9		-14%		452747		17%		178		4.22698E+15		1499399000		2819115.485		44.7%				43274.0				28%		63.6%										6.81E+15		0.00001273		12.73																				53.97901717323995

		1994.0		1.15E+16		63557		111167		0.000009648		9648		-24.2%		17678		181549		0.61		13.4%		6.3468E+04		49.7%				153.4		-31%		651790		44%		735		8.28316E+15		1947152000		4253987.389		50.9%				44998.4				50%		97.6%										1.15E+16		0.00000965		9.65																				61.232797223516144

		1995.0		1.97E+16		108484		153570		0.000007808		7808		-19.1%		22094		223345		0.69		12.3%		8.8059E+04		38.7%				112.3		-27%		890157		37%				1.40884E+16		2515432256		5600775.711		31.7%				49075.8				39%		122.4%										1.97E+16		0.00000781		7.81																				68.75918261288655

		1996.0		2.91E+16		160584		138894		0.000004771		4771		-38.9%		23254		216743		0.64		-6.8%		1.3432E+05		52.5%				79.9		-29%		1251974		41%				2.41598E+16		2782794693		8681848.628		55.0%				48986.5				53%		95.5%										2.91E+16		0.00000477		4.77																				64.08228925433764

		1997.0		5.59E+16		308567		141186		0.000002524		2524		-47.1%		25338		257449		0.55		-14.4%		2.1729E+05		61.8%				45.3		-43%		2207822		76%		2015		4.62808E+16		3367793527		13742169.89		58.3%				59888.0				62%		106.0%										5.59E+16		0.00000252		2.52																				54.84020135002534

		1998.0		1.02E+17		561772		126151		0.000001239		1239		-50.9%		26810		257956		0.49		-10.8%		3.9482E+05		81.7%				26.3		-42%		3798728		72%		4753		8.98817E+16		3419938918		26281677.87		91.2%		1.018E+17		58955.7		2.E+06		82%		89.5%										1.02E+17		0.00000124		1.24																				48.90411579315078

		1999.0		1.59E+17		878715		149379		0.000000938		938		-24.3%		26088		299816		0.50		1.9%		5.3134E+05		34.6%				16.4		-38%		6106456		61%		10963		1.40785E+17		3043623952		46255701.69		76.0%		1.593E+17		68119.1		2.E+06		35.4%		46.5%				208883.7						1.59E+17		0.00000094		0.94																				49.8234231483237

		2000.0		2.92E+17		1610647		204394		0.000000700		700		-25.4%		28423		373357		0.55		9.9%		7.8209E+05		47.2%				9.7		-41%		10273347		68%				2.69006E+17		3995312000		67330308.5		45.6%		2.920E+17		86514.6		3.E+06		44.3%		97.3%				258987.6						2.92E+17		0.00000070		0.70																				54.74485194312469

		2001.0		3.47E+17		1912962		138963		0.000000401		401		-42.8%		24054		293834		0.47		-13.6%		1.1803E+06		50.9%				6.9		-29%		14418000		40%				4.16967E+17		4059866000		102704705.3		52.5%		3.468E+17		68546.1		5.E+06		49.9%		95.0%		96.1%		202785.5																														47.292973926187855

		2002.0		5.53E+17		3049966		140719		0.000000254		254		-36.5%		26950		335632		0.42		-11.3%		1.6475E+06		74.1%				4.9		-30%		20517099		42%				5.87509E+17		4065774000		144501181.8		40.7%		5.529E+17		78555.4		7.E+06		39.1%		96.1%		1.03		232715.3																														41.92657140622125

		2003.0		8.57E+17		4726956		166426		0.000000194		194		-23.7%		29472		366731		0.45		8.2%		2.3368E+06		41.8%				3.4		-29%		29077538		42%				8.37152E+17		4331324000		193278500.5		33.8%		8.570E+17		90290.0		9.E+06		34.8%		103.2%		1.00		247469.2																														45.38083699828741

		2004.0		1.15E+18		6357268		213027		0.000000185		185		-4.8%		33685		435253		0.49		7.9%		2.6480E+06		13.3%				2.9		-15%		34214673		18%				1.52715E+18		6878244000		222025421		14.9%		1.153E+18		105708.4		1.E+07		14.9%		100.0%		0.97		290625.4																														48.94330965995427

		2005.0		1.78E+18		9839442		231969		0.000000130		130		-29.6%		34739		452506		0.51		4.7%		3.9421E+06		48.9%				1.9		-33%		51349837		50%				2.10655E+18		6449207545		326636395.4		47.1%		1.784E+18		112465.2		2.E+07		45.5%		96.5%		1.00		299444.7																														51.263229111015065

		2006.0		2.98E+18		16430218		213779		0.000000072		72		-44.8%		35793		442980		0.48		-5.9%		6.7242E+06		70.6%				217847532891.0		11186435306070%		0		-100%				3.44375E+18		6199144759		555520705.8		70.1%		2.979E+18		110421.9		3.E+07		70.1%		100.0%		1.00		290468.6																														48.25932672248883

		2007.0						228050		0.000000000		0		0.0%		37926		473816		0.48		-0.3%		0.0000E+00		-100.0%				0.0		0%		0		-100%																																																						48.13046367549037

		2008.0						268105		0.000000000		0		0.0%		41100		534260		0.50		4.3%		0.0000E+00		0.0%				0.0		0%		0		0%																																																						50.182553065273694

		2009.0						304350		0.000000000		0		0.0%		44932		604758		0.50		0.3%		0.0000E+00		0.0%				0.0		0%		0		0%																																																						50.32594101083724
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Here's the profitabily problem in chips.  Since 1995, ASPs have been on a steady decline
(all Semiconducor, including discretes).

Average Semiconductor Prices (in $)

Average Price-per-Chip



1 PPT

		Year		VLSI R Total Number of Transistors		World Motor Vehicle Production

				Units		Units		M Units

								10.2

		1955.0		3.20E+06		1.37E+07		13.7

		1956.0		6.26E+06		1.17E+07		11.7

		1957.0		9.38E+07		1.25E+07		12.5

		1958.0		1.21E+08		1.14E+07		11.4

		1959.0		2.13E+08		1.39E+07		13.9

		1960.0		3.16E+08		1.64E+07		16.4

		1961.0		4.46E+08		1.52E+07		15.2

		1962.0		9.36E+08		1.82E+07		18.2

		1963.0		1.32E+09		2.07E+07		20.7

		1964.0		1.66E+09		2.20E+07		22.0

		1965.0		2.45E+09		2.46E+07		24.6

		1966.0		7.01E+09		2.50E+07		25.0

		1967.0		2.42E+10		2.42E+07		24.2

		1968.0		8.65E+10		2.86E+07		28.6

		1969.0		3.58E+11		3.00E+07		30.0

		1970.0		9.07E+11		2.97E+07		29.7

		1971.0		1.29E+12		3.37E+07		33.7

		1972.0		1.90E+12		3.57E+07		35.7

		1973.0		4.08E+12		3.92E+07		39.2

		1974.0		6.71E+12		3.50E+07		35.0

		1975.0		6.19E+12		3.33E+07		33.3

		1976.0		9.16E+12		3.86E+07		38.6

		1977.0		1.36E+13		4.12E+07		41.2

		1978.0		2.01E+13		4.26E+07		42.6

		1979.0		3.82E+13		4.19E+07		41.9

		1980.0		5.55E+13		3.87E+07		38.7

		1981.0		9.76E+13		3.76E+07		37.6

		1982.0		9.67E+13		3.61E+07		36.1

		1983.0		1.43E+14		3.98E+07		39.8

		1984.0		2.39E+14		4.21E+07		42.1

		1985.0		2.50E+14		4.48E+07		44.8

		1986.0		3.36E+14		4.53E+07		45.3

		1987.0		6.21E+14		4.59E+07		45.9

		1988.0		1.01E+15		4.82E+07		48.2

		1989.0		1.55E+15		4.90E+07		49.0

		1990.0		2.08E+15		4.84E+07		48.4

		1991.0		3.00E+15		4.65E+07		46.5

		1992.0		4.90E+15		4.76E+07		47.6

		1993.0		6.81E+15		4.64E+07		46.4

		1994.0		1.15E+16		4.97E+07		49.7

		1995.0		1.97E+16		4.99E+07		49.9

		1996.0		2.91E+16		5.25E+07		52.5

		1997.0		5.59E+16		5.42E+07		54.2

		1998.0		1.02E+17		5.35E+07		53.5

		1999.0		1.59E+17		5.57E+07		55.7

		2000.0		2.92E+17		5.74E+07		57.4

		2001.0		3.47E+17		5.63E+07		56.3

		2002.0		5.53E+17		5.83E+07		58.3

		2003.0		8.57E+17		6.07E+07		60.7

		2004.0		1.15E+18		6.37E+07		63.7

		2005.0		1.78E+18		0.00E+00

		2006.0		1.64E+07		0.00E+00

		2007.0		0.00E+00		0.00E+00

		2008.0		0.00E+00		0.00E+00

		2009.0		0.00E+00		0.00E+00
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Transistor Production

World Motor Vehicle Production

Unitss

Worldwide Transistor Production



DiffRte

		

		Year		Average Price Per Transistor		Growth

				(Nano-$)

		1947.0

		1954.0		5515915658

		1955.0		4764389874		-13.6%

		1956.0		4126301944		-13.4%

		1957.0		3445674819		-16.5%

		1958.0		3403135624		-1.2%

		1959.0		3597366557		5.7%

		1960.0		2752238163		-23.5%

		1961.0		1881241840		-31.6%

		1962.0		1689134864		-10.2%

		1963.0		1471319587		-12.9%

		1964.0		1336458146		-9.2%

		1965.0		790997826		-40.8%

		1966.0		369898126		-53.2%

		1967.0		101254746		-72.6%

		1968.0		30039416		-70.3%

		1969.0		8555719		-71.5%

		1970.0		3606948		-57.8%

		1971.0		2399607		-33.5%

		1972.0		2263069		-5.7%

		1973.0		2010316		-11.2%

		1974.0		1678944		-16.5%

		1975.0		905840		-46.0%

		1976.0		789998		-12.8%

		1977.0		616331		-22.0%

		1978.0		535143		-13.2%

		1979.0		454580		-15.1%

		1980.0		412257		-9.3%

		1981.0		303207		-26.5%

		1982.0		202897		-33.1%

		1983.0		170129		-16.2%

		1984.0		147100		-13.5%

		1985.0		123619		-16.0%

		1986.0		115041		-6.9%

		1987.0		70231		-39.0%

		1988.0		56480		-19.6%

		1989.0		39888		-29.4%

		1990.0		30284		-24.1%

		1991.0		21948		-27.5%

		1992.0		14217		-35.2%

		1993.0		12729		-10.5%

		1994.0		9648		-24.2%

		1995.0		7808		-19.1%

		1996.0		4771		-38.9%

		1997.0		2524		-47.1%

		1998.0		1239		-50.9%

		1999.0		938		-24.3%

		2000.0		700		-25.4%

		2001.0		401		-42.8%

		2002.0		254		-36.5%

		2003.0		194		-23.7%

		2004.0		185		-4.8%

		2005.0		130		-29.6%

		2006.0		72		-44.8%

		2007.0		0		0.0%

		2008.0		0		0.0%

		2009.0		0		0.0%



RESTRICTED DATA: for access and use only within your company, as per your company's agreement with VLSI Research Inc.  
Copyright © 2005 by VLSI Research Inc.
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Integrated Circuit Invented
(1958)

Moore's first paper
(Electronics '65)

Moore's second paper
(IEDM '75)

Average Price Per Transistor for all Semiconductors
(in Nanodollars)

Moore's 
"No Exponential is Forever" paper
(VMIC '93)

Moore's 
"But, Forever can be Delayed"
 paper
(ISSCC '03)

First Commercial IC's sold
(1963)



M2L

		

																																										TCI		30509.02

				DIFFUSION RATES

		YEAR		IC ONLY

				EQPT INTO		SEMI		ELECTRONICS

				SEMI

				($M)		($M)		($M)

		1960		28		758		16558

		1961		34		839		19338

		1962		42		977		22125

		1963		61		1298		24445

		1964		79		1569		25942

		1965		105		1942		28847

		1966		165		2594		33422

		1967		108		2452		36127

		1968		105		2597		38268

		1969		162		3062		43900

		1970		255		3270		43050

		1971		186		3085		45926

		1972		261		4309		55268

		1973		348		5669		73260

		1974		386		7012		87950

		1975		272		5603		90020

		1976		477		7237		95000

		1977		645		8362		99700

		1978		925		10753		122200

		1979		1477		13528		146300

		1980		2228		18170		173400

		1981		2442		19792		214500

		1982		2740		19615		269008

		1983		3777		24359		311021

		1984		6222		35097		359022

		1985		5747		30959		374288

		1986		5063		38707		407127

		1987		5559		43618		462721

		1988		8106		57140		512863

		1989		9308		61924		557741

		1990		9778		62953		591594

		1991		10430		65849		600323

		1992		10045		69603		624247

		1993		12641		86741		660576

		1994		18847		111167		715027

		1995		30550		153570		777210

		1996		34867		138894		832754

		1997		34694		141186		892169

		1998		26069		126151		945021

		1999		32131		149379		1042163

		2000		55814		204394		1188590

		2001		35465		138963		1093968

		2002		26749		140719		1029581

		2003		29246		166426		1109888

		2004P		45202		213027		1261842

		2005F†		46980		231969		1385843
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Chips and Equipment have been tracking Electronics growth rates since 1995, albeit with higher volatility.

Electronics

Chips

Chip Equipment

(Revenues in $M)

Hi-Tech Revenues Worldwide
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																								Last Update:				27-Mar-03		TCI		30327.03

		Year		Cost				Wafer Size		WSM

								(mm)		K

		1965.0

		1966.0		3				51		4

		1967.0

		1968.0

		1969.0

		1970.0

		1971.0		4				76		4

		1972.0

		1973.0

		1974.0

		1975.0

		1976.0

		1977.0		9				102		11

		1978.0

		1979.0

		1980.0		25				102		11

		1981.0

		1982.0		50				102		11

		1983.0

		1984.0

		1985.0		100				125		22

		1986.0

		1987.0

		1988.0		300				150		22

		1989.0

		1990.0

		1991.0		650				150		20

		1992.0		700				150		20

		1993.0		925				200		20

		1994.0		1200				200		20

		1995.0		1241				200		20

		1996.0		1260				200		20

		1997.0		1375				200		20

		1998.0		1225				200		20

		1999.0		1266				200		20

		2000.0		1105				200		20

		2001.0		917				200		20

		2002.0		680				200		20

		2003F		2512				300		40

		2004F		2989				300		40

		2005F		2677				300		40



Here, the blue line that matches long-term electronics growth has been copied and overlaid on the  Chips and Equipment  Revenue lines.  Note how they  appear to have reached saturation.  After 8 years of tracking electronics, it is safe to say that a new and slower growth trend has emerged for Chips and Equipment.

So far, the trend in volatility has been to grow.  The reason is that companies have been running a strategy of market share rather than profits.     - - Dan

2001

2002
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Moore's 2nd Law: Fact of Fiction?
First published back in the '80's by VLSI, this chart was used then to show the tendency of fab costs to double every two nodes.  The trend was first named "Hutcheson's Law" in 1989 by Hartwig Ruell of Siemens; then "Rock's Law" in 1994 by Ken Thompson of Intel; and finally "Moore's 2nd Law" by Business Week in 1996.  In the early nineties, VLSI predicted that this trend would plateau, which happened.  Ironically, Moore's Second Law gained mythological status just it was dieing.  More recently it has risen with the introduction of 300mm.

Copyright © 2005 by VLSI Research Inc.  All Rights Reserved

($M)

Average Fab Cost in $M

History of Average Cost to Build & Equip a Wafer Fab
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Moore's 2nd Law: Fact of Fiction?
Moore's Law is about transistors doubling every node for the same cost of manufacturing.  So any analysis of fab costs should account for fab productivity, which has grown 5 orders-of-magnitude.  This is why it makes so much sense to spend so much on a fab.

Copyright © 2005 by VLSI Research Inc.  All Rights Reserved

Transistors per CM^2

Transistors per Sq. CM

Wafer Fab Production Capability
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																								Last Update:				31-Dec-99				TCI		30327.08

																																																								y
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Moore's 2nd Law: Fact of Fiction?
Account for the effect of increasing productivity in fab costs and the results are astounding: Fab cost per transistor has decreased by 4 orders-of-magnitude since Moore's Law was discovered.  This is why Moore's Law works and shows the true value the chip making industry has added.  Note that the rate of decline accelerated in the nineties and is still going strong, in spite of all the warnings of Moore's Law being dead by some pundits.
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($M)

Cost in Nano $

Wafer Fab Depreciation Cost per Transistor
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		Filename: M:\109sciam\FORDARCH.WK1

		Ford Motor Co. Archives, Dearborn, MI

		FY Year Ending Sept 30

		Year		Average		Average		Average		1000		Cars Sold

				Price		Cost		Profit

		1904		506.75		394.48		112.27		1.708		1708

		1905		845.10		715.55		129.55		1.695		1695

		1906		760.72		685.62		75.10		1.599		1599

		1907		593.71		473.20		120.51		8.423		8423

		1908		574.85		410.01		164.84		6.398		6398

		1909		650.86		446.83		204.03		10.607		10607

		1910		784.36		504.25		280.11		18.664		18664

		1911		575.37		415.71		159.66		34.528		34528

		1912		445.35		308.50		136.85		78.44		78440

		1913		361.72		242.61		119.11		168.304		168304

		1914		341.21		241.60		99.61		248.307		248307

		1915		354.08		246.22		107.86		288.728		288728

		1916		345.75		237.67		108.08		472.35		472350

		1917		287.28		246.06		41.22		730.041		730041

		1918		241.81		204.96		36.85		656.165		656165

		1919		384.00		296.14		87.86		487.802		487802

		1920		407.19		320.86		86.33		635.226		635226

		1921		412.46		309.05		103.41		690.755		690755

		1922		442.75		343.03		99.72		933.72		933720
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Average Price

Average Cost

Average Profit

YEAR

DOLLARS PER UNIT SOLD

FORD MOTOR COMPANY'S EQUIVALENT TO MOORE'S LAW
(the early years of the auto industry)



		



Source: Ford Motor Co. Archives, Dearborn, MI
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Source: Semiconductor Industry Association

Year

Worldwide Transistor Production in Units

World Wide Transistor Production
(Merchant Producers only)
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Chip Making is
the Engine

of the New Economy!
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• Moore recognized the business import of the 
manufacturing trends.

• He comprehended the  future improvements in 
manufacturing that would drive linewidths ever smaller.

• He provided the business model for how this would drive 
costs.

• He distilled it into a vision that the industry grabbed hold 
of – making it a self-fulfilling prophecy.

Why did Moore’s paper prove so 
important?
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This story was made possible by 
manufacturing’s ability to shrink transistors:

We have crossed 4 orders-of-magnitude milestones in 48 years.

Five Decades of Critical Dimension Shrinks
(in nanometers)
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Five Decades of Critical Dimension Shrinks
(in nanometers)
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F 1 Moore's Law

		YEAR						TRANSISTORS																																																Annual Shrinkage						TRANSISTORS

		IN						(K)																																																						(Average, K)

		PRODUCTION		YEAR		Early IC'S		MPU's		DRAM's																																														Average		MPU		DRAM				MPU		DRAM

		Jan-59		1959		0.001																																																1959.0								0.001

				1960																																																		1960.0

				1961																																																		1961.0

		Dec-61		1962		0.007						2.8		6.964404506368992																																								1962.0		91%						0.007

		Jan-63		1963		0.017						4.1		17.148375400580683																																								1963.0		143%						0.017

		Jun-64		1964		0.028						4.8		27.857618025475972																																								1964.0		65%						0.028

		Feb-65		1965		0.06						5.9		59.7141114583557																																								1965.0		114%						0.06

				1966																																																		1966.0

				1967																																																		1967.0

				1968																																																		1968.0

				1969																																																		1969.0

				1970		2.048																																																1970.0		103%						2.048

		Nov-1971		1971				2.3		3.8		4004.0				1971		1972		1974		1976		1978		1979		1981		1982		1984		1985		1987		1989		1990		1993		1993		1995		1995		1996		1997		1971.0		49%		12%		86%				2.3		3.8

		Feb-1972		1972				4.0				6800.0				2.3		4.0		6.0				28.0		68.0				134.0		190.0		275.0		273.0		1200.0		1170.0		3300.0		2800.0		5500.0		3600.0		6900.0		15950.0		1972.0		74%		74%						4.0

				1973																																																		1973.0

		Apr-1974		1974				6.0		10.0		8080.0				3.8				10.0		36.0						104.0						297.0				1180.0				4700.0								19000.0		76000.0		1974.0		30%		22%		38%				6.0		10.0

				1975																																																		1975.0

		Jan-1976		1976						36.0																																												1976.0		90%				90%						36.0

				1977																																																		1977.0

		Jun-1978		1978				28.0				8086.0																																										1978.0		47%		47%						28.0

		Jul-1979		1979				68.0				68000.0																																										1979.0		143%		143%						68.0

				1980																																																		1980.0

		Jan-1981		1981						104.0																																												1981.0		24%				24%						104.0

		Feb-1982		1982				134.0				286.0																																										1982.0		25%		25%						134.0

				1983																																																		1983.0

		May-1984		1984				190.0				68020.0																																										1984.0		19%		19%						190.0

		Oct-1985		1985				275.0		297.0		386DX																																										1985.0		37%		45%		30%				275.0		297.0

				1986																																																		1986.0

		Mar-1987		1987				273.0				68030.0																																										1987.0

				1988																																																		1988.0

		Apr-1989		1989				1200.0		1180.0		486DX																																										1989.0		43%		45%		41%				1200.0		1180.0

		Nov-1990		1990				1170.0				68040.0																																										1990.0

				1991										Also:																																								1991.0

				1992																																																		1992.0

		Mar-1993		1993				3300.0		4700.0		Pentium		Nov-1993		PwrPC601		2800.0																																				1993.0		35%		29%		41%				3300.0		4700.0

				1994																																																		1994.0

		Nov-1995		1995				5500.0				Pentium Pro		Dec-1995		PwrPC604		3600.0																																				1995.0		29%		29%						5500.0

		Dec-1996		1996				6900.0		19000.0		PwrPC620																																										1996.0		42%		25%		59%				6900.0		19000.0

				1997				7500.0				Pentium III																																										1997.0

		Dec-1998		1998				15950.0		76000.0		Pentium III																																										1998.0		76%		52%		100%				15950.0		76000.0

		Dec-1999		1999				24000.0				Pentium III																																										1999.0						-100%						0.0

				2000						152000.0																																												2000.0

		Jan-2001		2001				42000.0				Pentium 4																																										2001.0		-31%		38%		-100%				42000.0		0.0

				2001

				2002				55000.0		304100.0		Pentium 4

				2003

				2004

				2005				1700000.0		608200.0		Intel Montecito

		YEAR						TRANSISTORS

		IN						(K)				DRAM																																										Average Annual Reduction Rate

		PRODUCTION																																																				1959-1965		103%

																																																						1966-1975		69%		36%		71%

		Jan-1971						3.8				1K				0.0		1.0																																				1976-1985		55%		56%		48%

		Jun-1974						10.0				4K				2.0		4.0																																				1986-1995		37%		32%		47%

		Jan-1976						36.0				16K				4.0		16.0																																				1996-2001		29%		39%		-10%

		Jan-1981						104.0				64K				6.0		64.0																																				1976-2001		45%		45%		21%

		Jan-1985						297.0				256K				8.0		256.0																																				Average Months to Double Device Complexity

		Aug-1989						1180.0				1M		1.15234375		10.0		1024.0																																				1959-1965		12

		Feb-1993						4700.0				4M		1.1474609375		12.0		4096.0																																				1966-1975		17		33		17

		Sep-1996						19000.0				16M		1.15966796875		14.0		16384.0																																				1976-1985		22		22		25

		Dec-1998						76000.0				64M		1.15966796875				65536.0																																				1986-1995		32		38		25

		Jan-2000						152000.0				128M		1.1598587036132812				131072.0																																				1996-2001		41		31		-118

		Jan-2002						304100.0				256M		1.1600494384765625				262144.0																																				1976-2001		27		27		58

		Jan-2005						608200.0				512M		1.1600494384765625				524288.0																																				1976-2001		0		0		0



8088 was introduced in 79.  The difference was that it was an 8 bit MPU instead of a 16 bit.  According to Howard High at Intel.  The total # of transistors was roughly the same and the speed was the same for both chips. -- GDH 3/31/97

G. Dan Hutcheson:
Gordon Moore's Paper in 1965.   With the exception of 1959's Transistor, all through 65 are bipolar logic. -- gdh 2/3/02

Source Intel.

G. Dan Hutcheson:
Gordon Moore's Paper in 1965.   With the exception of 1959's Transistor, all through 65 are bipolar logic. -- gdh 2/3/02

G. Dan Hutcheson:
Gordon Moore's Paper in 1965.   With the exception of 1959's Transistor, all through 65 are bipolar logic. -- gdh 2/3/02

G. Dan Hutcheson:
Gordon Moore's Paper in 1965.   With the exception of 1959's Transistor, all through 65 are bipolar logic. -- gdh 2/3/02

G. Dan Hutcheson:
Gordon Moore's Paper in 1965.   With the exception of 1959's Transistor, all through 65 are bipolar logic. -- gdh 2/3/02

Source Intel for their MPU's  Motorola MPUs come from them.
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Five Decades of Moore's Law



F 2 CD's

								Annual		Annual

								Linear		Areal		Lithography

		CD (mils)		YEAR		CD (nm)		Shrink (%)		Shrink (%)		Method																																		YEAR		CD		Lithography Technology		Etch

																																																(microns)

		10		1957		254000						Camel's Hair Brush, Hand Painting																																		1957.0		254.000		Camel's Hair Brush, Hand Painting		Wet

		5		1958		127000		50%		75%		Silk Screen Printer		1958.0																																1958.0		127.000		Silk Screen Printer

		3		1959		76200		40%		64%		Contact Printer W/Emulsion Plates																																		1959.0		76.200		Contact Printer W/Emulsion Plates

		2		1960		50800		33%		56%		Contact Printer W/Emulsion Plates																																		1964.0		16.000		Contact Printer W/Chrome Plates

				1961																																										1972.0		8.000		Proximity Aligner

		1		1962		25400		29%		50%		Contact Printer W/Emulsion Plates																																		1974.0		5.000		Projection Aligner		Barrel Plasma

		CD (microns)		1963																																										1982.0		2.000		g-line Stepper		Planar Plasma

		16		1964		16000		21%		37%		Contact Printer W/Chrome Plates																																		1984.0		1.500				Reactive Ion Etching

				1965																																										1988.0		1.000				High Density Plasma

				1966																																										1990.0		0.800		i-line Stepper

				1967																																										1997.0		0.250		248nm Scanner

				1968																																										2003.0		0.090		193nm Scanner

		10		1969		10000		9%		17%		Contact Printer W/Chrome Plates

				1970

				1971

		8		1972		8000		7%		14%		Proximity Aligner

				1973

		5		1974		5000		21%		38%		Projection Aligner

				1975

		4		1976		4000		11%		20%		Projection Aligner

				1977

				1978

		3		1979		3000		9%		17%		Projection Aligner

		0		1980

				1981

		2.0		1982		2000		13%		24%		g-line Stepper

				1983

		1.50		1984		1500		13%		25%		g-line Stepper

				1985

		1.3		1986		1250		9%		17%		g-line Stepper

				1987

		1.0		1988		1000		11%		20%		g-line Stepper

				1989

		0.8		1990		800		11%		20%		i-line Stepper

				1991

				1992

		0.60		1993		600		9%		17%		i-line Stepper

				1994

		0.35		1995		350		24%		42%		i-line Stepper

				1996

		0.25		1997		250		15%		29%		248nm Scanner

				1998

				1999		180		15%		28%		248nm Scanner

				2000

		0.13		2001		130		15%		28%		248nm Scanner

				2002

				2003		90		17%		31%		193nm Scanner

				2004

				2005		65		15%		28%		193nm Scanner

		Average Annual Areal CD Reduction Rate

		1959-1965		52%

		1966-1975		22%

		1976-1985		22%

		1986-1995		23%

		1995-2001		28%

		1976-2001		24%

		Average Months to Double Device Complexity

		1959-1965		23

		1966-1975		54

		1976-1985		56

		1986-1995		52

		1991-2001		43

		1976-2001		50



Figure 1

Early IC'S

MPU's

DRAM's

Year

Components (K)

Moore's Law: Still going strong after 40 years.
(April 19, 1965 to 2005)



F 2 CD's

		



CD (nm)

Year

Node (nm)

Five Decades of Critical Dimension Shrinks
(in nanometers)



F 3 Sources

														Areal														Wafer

				Integration		Areal		Die Area				Yield		Reduction								Yield						Area

				Growth		Reduction		Increase				Reduction		as a % of total								Reduction

																										1965.0		285				19.049999999999997

		Average Annual Reduction Rate																								1968.0		506		-21%		25.4

		1959-1965		103%		52%		0%				0%		50%						1965.0		20.0				1970.0		791		-25%		31.75

		1966-1975		69%		22%		16%				6%		32%						1972.0		30.0		-6%		1975.0		3165		-32%		63.5

		1976-1985		55%		22%		13%				4%		39%						1980.0		40.0		-4%		1978.0		4558		-13%		76.19999999999999

		1986-1995		37%		23%		13%				4%		62%						1990.0		60.0		-4%		1982.0		7850		-15%		100.0

		1995-2001		29%		28%		2%				4%		97%						2000.0		85.0		-4%		1985.0		12266		-16%		125.0

		1976-2001		45%		24%		9%				4%		54%						1976-2001						1988.0		17663		-13%		150.0

																										1994.0		31400		-10%		200.0

		Average Months to Double Device Complexity

		1959-1965		12		23																Die				Die

		1966-1975		17		54																Area				Area

		1976-1985		22		56																K sq mils				K sq mils

		1986-1995		32		52

		1991-2001		41		43														1959.0		2.0				2.0

		1976-2001		27		50														1962.0		2.0		0%		2.0

																Die				1964.0		6.0		-73%		6.0

																area				1969.0		12.0		-15%		12.0

																MM^2				1970.0		14.0		-17%		14.0

												4004.0		1971.0		18				1972.0		16.0		-7%		16.0

												8080.0		1974.0		40		-30%		1975.0		32.0		-26%		32.0		178.88543819998318		0.7042733787400913		0.4960009920019841

												8086.0		1978.0		72				1978.0				-16%

												286.0		1982.0		90				1982.0				-6%

												386.0		1985.0		107				1985.0				-6%

												486DX2		1989.0		168				1989.0				-12%

												Pentium		1993.0		294				1993.0				-15%

												P Pro		1995.0		309				1995.0				-2%



Source: Intel, Joann Hasegawa

8088 was introduced in 79.  The difference was that it was an 8 bit MPU instead of a 16 bit.  According to Howard High at Intel.  The total # of transistors was roughly the same and the speed was the same for both chips. -- GDH 3/31/97



Price per bit

		DRAM MARKET HISTORY

		YEAR		UNITS SHIPPED		BITS		SALES ($)				YEAR		PRICE PER GIGABIT ($)		PRICE PER BIT (Nano-$)		TRANSISTORS (tera-units)		PRICE PER TRANSISTOR (micro-$)				SHIPMENTS (M units)		TERABITS						SALES ($B)		REAL SALES (1971 $B)

		1971		1.00E+06		1.02E+09		1.30E+07				1971		12695313		12695312.50		0.0		4231.771				1.0		0.0				1971.0		0.013		0

		1972		4.00E+06		4.10E+09		3.90E+07				1972		9521484		9521484.38		0.0		3173.828				4.0		0.0				1972.0		0.039		0

		1973		8.00E+06		8.19E+09		6.00E+07				1973		7324219		7324218.75		0.0		2441.406				8.0		0.0				1973.0		0.060		0

		1974		1.80E+07		2.15E+10		9.70E+07				1974		4510789		4510788.69		0.1		1605.535				18.0		0.0				1974.0		0.097		0

		1975		2.50E+07		4.10E+10		1.15E+08				1975		2807617		2807617.19		0.1		1123.047				25.0		0.0				1975.0		0.115		1

		1976		4.25E+07		1.37E+11		2.05E+08				1976		1493995		1493994.87		0.3		730.640				42.5		0.1				1976.0		0.205		2

		1977		4.93E+07		1.86E+11		2.64E+08				1977		1422022		1422021.51		0.4		749.673				49.3		0.2				1977.0		0.264		2

		1978		1.07E+08		6.43E+11		3.76E+08				1978		585066		585066.12		1.0		384.570				107.1		0.6				1978.0		0.376		8

		1979		1.47E+08		1.48E+12		4.38E+08				1979		295805		295805.24		1.8		247.245				147.0		1.5				1979.0		0.438		19

		1980		2.34E+08		3.38E+12		5.69E+08				1980		168536		168536.26		3.5		161.202				234.0		3.4				1980.0		0.569		43

		1981		2.41E+08		3.99E+12		6.30E+08				1981		157955		157954.91		4.1		154.388				241.0		4.0				1981.0		0.630		51

		1982		3.18E+08		9.45E+12		8.80E+08				1982		93157		93157.18		9.5		92.575				318.0		9.4				1982.0		0.880		120

		1983		5.99E+08		2.83E+13		1.32E+09				1983		46490		46489.86		28.4		46.429				598.8		28.3				1983.0		1.317		360

		1984		9.71E+08		6.40E+13		3.62E+09				1984		56554		56554.27		64.0		56.536				971.0		64.0				1984.0		3.620		813

		1985		7.52E+08		8.95E+13		1.50E+09				1985		16720		16719.96		89.5		16.719				752.0		89.5				1985.0		1.496		1136

		1986		8.49E+08		1.45E+14		1.53E+09				1986		10572		10572.01		144.7		10.572				849.1		144.7				1986.0		1.529		1837

		1987		8.49E+08		2.15E+14		2.36E+09				1987		10981		10980.78		214.8		10.981				849.0		214.8				1987.0		2.359		2728

		1988		1.18E+09		3.38E+14		6.39E+09				1988		18917		18917.26		337.8		18.917				1176.0		337.8				1988.0		6.390		4288

		1989		1.23E+09		6.10E+14		8.44E+09				1989		13837		13836.91		610.0		13.837				1227.6		610.0				1989.0		8.441		7745

		1990		1.32E+09		9.39E+14		6.36E+09				1990		6772		6772.14		938.6		6.772				1315.1		938.6				1990.0		6.356		11916

		1991		1.27E+09		1.56E+15		6.60E+09				1991		4243		4243.48		1556.5		4.243				1274.2		1556.5				1991.0		6.605		19760

		1992		1.49E+09		2.91E+15		8.52E+09				1992		2929		2929.42		2909.4		2.929				1493.4		2909.4				1992.0		8.523		36936

		1993		1.50E+09		4.23E+15		1.31E+10				1993		3109		3108.68		4227.0		3.109				1499.4		4227.0				1993.0		13.140		53663

		1994		1.95E+09		8.28E+15		2.34E+10				1994		2827		2827.10		8283.2		2.827				1947.2		8283.2				1994.0		23.417		105157

		1995		2.52E+09		1.41E+16		4.08E+10				1995		2898		2898.33		14088.4		2.898				2515.4		14088.4				1995.0		40.833		178856

		1996		2.78E+09		2.42E+16		2.51E+10				1996		1040		1040.25		24159.8		1.040				2782.8		24159.8				1996.0		25.132		306716

		1997		3.37E+09		4.57E+16		1.98E+10				1997		433		433.45		46280.8		0.428				3367.8		45675.3				1997.0		19.798		579863

		1998		3.42E+09		8.04E+16		1.40E+10				1998		174		174.29		89881.7		0.156				3419.9		80389.0				1998.0		14.011		1020564

		1999		3.04E+09		1.41E+17		2.07E+10				1999		147		147.13		140785.0		0.147				3043.6		140785.0				1999.0		20.71		1787309

		2000		4.00E+09		2.69E+17		2.89E+10				2000		107		107.46		269005.6		0.107				3995.3		269005.6				2000.0		28.907		3415110

		2001		4.06E+09		4.17E+17		1.12E+10				2001		27		26.86		416967.3		0.027				4059.9		416967.3				2001.0		11.199		5293531

		2002		4.07E+09		5.88E+17		1.53E+10				2002		26		25.96		587509.1		0.026				4065.8		587509.1				2002.0		15.254		7458612

		2003		4.33E+09		8.37E+17		1.67E+10				2003		20		19.93		837151.8		0.020				4331.3		837151.8				2003.0		16.688		10627904

		2004		6.88E+09		1.53E+18		2.68E+10				2004		18		17.58		1527145.0		0.018				6878.2		1527145.0				2004.0		26.842		19387583

		2005		6.45E+09		2.11E+18		2.92E+10				2005		14		13.87		2106545.9		0.014				6449.2		2106545.9				2005.0		29.225		26743259

		2006		6.20E+09		3.44E+18		2.64E+10				2006		8		7.66		3443753.3		0.008				6199.1		3443753.3				2006.0		26.377		43719524



Taken from Dec 98 Blue Book.  LC 11/5/99
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PRICE PER GIGABIT ($)

YEAR
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1 Trans

																																																																		WSTS

		Year		VLSI R Total Number of Transistors		REAL Semiconductor SALES (1954 $T)		Semiconductor Revenues		Average Price Per Transistor		Average Price Per Transistor		Growth		W.W. Silicon Shipped		W.W. Units Shipped		Average Price Per Unit		Growth		Average Transistors Per Unit		Growth in xistors per Unit				Average Area per Transistor		Growth		Transistors per Sq CM		Growth				Total Number of DRAM Trans		Total Number of DRAMs		DRAM Transistors per Unit		Growth in DRAM trans per Unit		Total IC Transistors		Total Number of ICs		IC Transistors per Unit		Growth in IC trans per Unit		Ratio Trans to DRAM Growth		ADJ		Total Number of Discretes				Semiconductor Revenues		Total Number of Transistors		Average Price Per Transistor		Average Price Per Transistor								% of xistors Germanium		Germanium Transistors		Silicon Transistors		Total Transistors		ICs				Average Price Per Unit

								(ww in $M)		($)		(Nano-$)				(MCM^2)		(M Units)												Square Microns										(Units)		(Units)		(Units)						(M Units)										(M Units)				(ww in $M)		(Units)		($)		(Micro-$)										(MU)		(MU)		(MU)		(MU)

		1947.0																																																																Invention of Transistor

		1954.0				0		7		5.515915658		5515915658																																																				5.1		1.31E+06		5.51591566		5515915.66																				0.0

		1955.0		3.20E+06		0		17		4.764389874		4764389874		-13.6%				3		5.45				1.0000E+00		0.0%																																						12.3		3.66E+06		4.76438987		4764389.87																				545.0334398093113

		1956.0		6.26E+06		0		52		4.126301944		4126301944		-13.4%				6		8.38		53.8%		1.0000E+00		0.0%																																						37.0		1.27E+07		4.12630194		4126301.94																				838.0991619707326

		1957.0		9.38E+07		0		244		3.445674819		3445674819		-16.5%				94		2.60		-69.0%		1.0000E+00		0.0%																																						172.0		7.08E+07		3.44567482		3445674.82																				260.01213901836195

		1958.0		1.21E+08		0		319		3.403135624		3403135624		-1.2%				121		2.64		1.5%		1.0000E+00		0.0%																																						225.0		9.38E+07		3.40313562		3403135.62																				263.8907897158198

		1959.0		2.13E+08		0		518		3.597366557		3597366557		5.7%				213		2.44		-7.7%		1.0000E+00		0.0%																																						389.0		1.44E+08		3.59736656		3597366.56																				243.55604125086904

		1960.0		3.16E+08		0		758		2.752238163		2752238163		-23.5%		5		316		2.40		-1.6%		1.0000E+00		0.0%				1,509,671.29				38																														650.0		2.75E+08		2.75223816		2752238.16								43.2%		119.0		8.8		127.8						239.6559271188743

		1961.0		4.46E+08		0		839		1.881241840		1881241840		-31.6%		5		356		2.36		-1.6%		1.2542E+00		25.4%				1,106,663.50		-27%		54		44%																												700.0		4.46E+08		1.88124184		1881241.84								39.9%		177.9		13.0		190.9		5.0				235.94099775095626

		1962.0		9.36E+08		0		977		1.689134864		1689134864		-10.2%		6		723		1.35		-42.7%		1.2953E+00		3.3%				654,555.59		-41%		96		77%																												700.0		5.79E+08		1.68913486		1689134.86								36.9%		213.7		26.6		240.3		10.0				135.25058246408204

		1963.0		1.32E+09		0		1298		1.471319587		1471319587		-12.9%		12		986		1.32		-2.7%		1.3377E+00		3.3%				876,226.84		34%		82		-15%																												900.0		8.82E+08		1.47131959		1471319.59								28.3%		249.4		50.6		300.0		20.0				131.61224304687263

		1964.0		1.66E+09		0		1569		1.336458146		1336458146		-9.2%		26		1203		1.30		-0.9%		1.3816E+00		3.3%				1,553,238.12		77%		49		-41%																												1000.0		1.17E+09		1.33645815		1336458.15								24.6%		288.8		118.1		406.9		51.0				130.39403911658292

		1965.0		2.45E+09		0		1942		0.790997826		790997826		-40.8%		49		1721		1.13		-13.4%		1.4269E+00		3.3%				2,013,728.21		30%		43		-12%																												1300.0		2.45E+09		0.79099783		790997.83								13.6%		333.6		274.5		608.1		94.0				112.86500106418814

		1966.0		7.01E+09		0		2594		0.369898126		369898126		-53.2%		104		2458		1.06		-6.5%		2.8537E+00		100.0%				1,476,802.13		-27%		64		50%																												1600.0		7.01E+09		0.36989813		369898.13								5.3%		368.7		487.2		855.9		173.0				105.55891799531763

		1967.0		2.42E+10		0		2452		0.101254746		101254746		-72.6%		373		2303		1.06		0.9%		1.0514E+01		268.4%				1,542,063.98		4%		64		-0%																												1600.0		2.42E+10		0.10125475		101254.75								1.1%		270.3		489.5		759.8		272.0				106.46082763991156

		1968.0		8.65E+10		0		2597		0.030039416		30039416		-70.3%		580		2667		0.97		-8.5%		3.2418E+01		208.3%				671,211.27		-56%		149		132%																												1700.0		8.65E+10		0.03003942		30039.42								0.2%		199.3		684.1		883.4		367.0				97.38074378708393

		1969.0		3.58E+11		2		3062		0.008555719		8555719		-71.5%		676		3566		0.86		-11.8%		1.0035E+02		209.5%				188,805.27		-72%		530		256%																												2300.0		3.58E+11		0.00855572		8555.72																				85.85548427618744

		1970.0		9.07E+11		5		3270		0.003606948		3606948		-57.8%		960		3133		1.04		21.6%		2.8937E+02		188.4%				105,837.99		-44%		945		78%																												2350.0		9.07E+11		0.00360695		3606.95																				104.37280561761891

		1971.0		1.29E+12		7		3085		0.002399607		2399607		-33.5%		1042		2803		1.10		5.4%		4.5863E+02		58.5%				81071.5		-23%		1233		31%				3072000000		1000000		3072																						1.29E+12		0.00239961		2399.61																				110.05279680365298

		1972.0		1.90E+12		11		4309		0.002263069		2263069		-5.7%		1326		3539		1.22		10.6%		5.3796E+02		17.3%				69658.2		-14%		1436		16%				12288000000		4000000		3072		0.0%																				1.90E+12		0.00226307		2263.07																				121.74379838390688

		1973.0		4.08E+12		16		5669		0.002010316		2010316		-11.2%		1865		7083		0.80		-34.3%		5.7534E+02		6.9%				45765.2		-34%		2185		52%				24576000000		8000000		3072		0.0%																				2.82E+12		0.00201032		2010.32																				80.03783760888902

		1974.0		6.71E+12		23		7012		0.001678944		1678944		-16.5%		2072		11102		0.63		-21.1%		6.0410E+02		5.0%				30892.1		-32%		3237		48%				60416000000		18000000		3356.444444		9.3%								5%		54.0%										4.18E+12		0.00167894		1678.94																				63.158084360898194

		1975.0		6.19E+12		34		5603		0.000905840		905840		-46.0%		2044		8904		0.63		-0.4%		6.9467E+02		15.0%				33038.5		7%		3027		-6%				1.024E+11		25000000		4096		22.0%								15%		68.0%										6.19E+12		0.00090584		905.84																				62.92606776653451

		1976.0		9.16E+12		51		7237		0.000789998		789998		-12.8%		3020		11344		0.64		1.4%		8.0757E+02		16.3%				32968.2		-0%		3033		0%				2.80576E+11		42500000		6601.788235		61.2%								16%		26.6%										9.16E+12		0.00079000		790.00																				63.79752638028157

		1977.0		1.36E+13		75		8362		0.000616331		616331		-22.0%		3476		12949		0.65		1.2%		1.0478E+03		29.7%				25620.7		-22%		3903		29%				3.52154E+11		49300000		7143.075051		8.2%								30%		362.8%										1.36E+13		0.00061633		616.33																				64.57641516719438

		1978.0		2.01E+13		111		10753		0.000535143		535143		-13.2%		3927		15428		0.70		7.9%		1.3024E+03		24.3%				19541.8		-24%		5117		31%				9.77715E+11		107100000		9128.993464		27.8%								24%		87.4%										2.01E+13		0.00053514		535.14																				69.69614477197895

		1979.0		3.82E+13		164		13528		0.000454580		454580		-15.1%		4955		26657		0.51		-27.2%		1.4326E+03		10.0%				12974.5		-34%		7707		51%				1.77152E+12		147000000		12051.15646		32.0%								10%		31.2%										2.98E+13		0.00045458		454.58																				50.74830110608638

		1980.0		5.55E+13		243		18170		0.000412257		412257		-9.3%		5519		37886		0.48		-5.5%		1.4641E+03		2.2%				9950.6		-23%		10050		30%				3.52973E+12		234000000		15084.30769		25.2%								2%		8.7%										4.41E+13		0.00041226		412.26																				47.96004825039526

		1981.0		9.76E+13		360		19792		0.000303207		303207		-26.5%		5074		61251		0.32		-32.6%		1.5939E+03		8.9%				5196.9		-48%		19242		91%				4.08064E+12		241000000		16932.11618		12.2%								9%		72.4%										6.53E+13		0.00030321		303.21																				32.31310009518259

		1982.0		9.67E+13		533		19615		0.000202897		202897		-33.1%		5139		64281		0.31		-5.6%		2.1257E+03		33.4%				5315.7		2%		18812		-2%				9.50579E+12		318000000		29892.42767		76.5%								33%		43.6%										9.67E+13		0.00020290		202.90																				30.5146023612064

		1983.0		1.43E+14		790		24359		0.000170129		170129		-16.2%		6149		60531		0.40		31.9%		2.3654E+03		11.3%				4294.4		-19%		23286		24%				2.83656E+13		598800000		47370.77355		58.5%								11%		19.3%										1.43E+14		0.00017013		170.13																				40.24164697907467

		1984.0		2.39E+14		1316		35097		0.000147100		147100		-13.5%		9394		87911		0.40		-0.8%		2.7141E+03		14.7%				3937.2		-8%		25399		9%				6.40369E+13		971000000		65949.3965		39.2%				29280.7				15%		37.6%										2.39E+14		0.00014710		147.10																				39.92384665696434

		1985.0		2.50E+14		1381		30959		0.000123619		123619		-16.0%		6602		86570		0.36		-10.4%		2.8929E+03		6.6%				2636.1		-33%		37935		49%				8.94812E+13		752000000		118990.9787		80.4%				23839.4				7%		8.2%										2.50E+14		0.00012362		123.62																				35.76194579389732

		1986.0		3.36E+14		1856		38707		0.000115041		115041		-6.9%		7918		97861		0.40		10.6%		3.4382E+03		18.8%				2353.4		-11%		42492		12%				1.44661E+14		849100000		170369.6733		43.2%				29496.1				19%		43.7%										3.36E+14		0.00011504		115.04																				39.55366422862448

		1987.0		6.21E+14		3426		43618		0.000070231		70231		-39.0%		9969		105573		0.41		4.5%		5.8828E+03		71.1%				1605.2		-32%		62299		47%				2.14843E+14		849000000		253054.6431		48.5%				30708.8				71%		146.5%										6.21E+14		0.00007023		70.23																				41.31562076773164

		1988.0		1.01E+15		5580		57140		0.000056480		56480		-19.6%		11662		128356		0.45		7.7%		7.8820E+03		34.0%				1152.7		-28%		86750		39%				3.37773E+14		1176000000		287221.551		13.5%				36763.9				34%		251.7%										1.01E+15		0.00005648		56.48																				44.51689896839455

		1989.0		1.55E+15		8563		61924		0.000039888		39888		-29.4%		12570		135536		0.46		2.6%		1.1454E+04		45.3%				809.7		-30%		123505		42%				6.10035E+14		1227600000		496933.2864		73.0%				37429.6				45%		62.1%										1.55E+15		0.00003989		39.89																				45.68826168576004

		1990.0		2.08E+15		11466		62953		0.000030284		30284		-24.1%		13799		146716		0.43		-6.1%		1.4168E+04		23.7%				663.8		-18%		150642		22%				9.3858E+14		1315100000		713695.0632		43.6%				40606.3				24%		54.3%										2.08E+15		0.00003028		30.28																				42.9078249666554

		1991.0		3.00E+15		16549		65849		0.000021948		21948		-27.5%		13175		151194		0.44		1.5%		1.9844E+04		40.1%				439.1		-34%		227719		51%				1.55649E+15		1274200000		1221545.367		71.2%				41716.2				40%		56.3%										3.00E+15		0.00002195		21.95																				43.552748713017415

		1992.0		4.90E+15		27004		69603		0.000014217		14217		-35.2%		12609		148264		0.47		7.8%		3.3020E+04		66.4%				257.5		-41%		388278		71%				2.90943E+15		1493445000		1948135.683		59.5%				40035.3				66%		111.6%										4.90E+15		0.00001422		14.22																				46.94505736614585

		1993.0		6.81E+15		37588		86741		0.000012729		12729		-10.5%		15051		160695		0.54		15.0%		4.2406E+04		28.4%				220.9		-14%		452747		17%				4.22698E+15		1499399000		2819115.485		44.7%				43274.0				28%		63.6%										6.81E+15		0.00001273		12.73																				53.97901717323995

		1994.0		1.15E+16		63557		111167		0.000009648		9648		-24.2%		17678		181549		0.61		13.4%		6.3468E+04		49.7%				153.4		-31%		651790		44%				8.28316E+15		1947152000		4253987.389		50.9%				44998.4				50%		97.6%										1.15E+16		0.00000965		9.65																				61.232797223516144

		1995.0		1.97E+16		108484		153570		0.000007808		7808		-19.1%		22094		223345		0.69		12.3%		8.8059E+04		38.7%				112.3		-27%		890157		37%				1.40884E+16		2515432256		5600775.711		31.7%				49075.8				39%		122.4%										1.97E+16		0.00000781		7.81																				68.75918261288655

		1996.0		2.91E+16		160584		138894		0.000004771		4771		-38.9%		23254		216743		0.64		-6.8%		1.3432E+05		52.5%				79.9		-29%		1251974		41%				2.41598E+16		2782794693		8681848.628		55.0%				48986.5				53%		95.5%										2.91E+16		0.00000477		4.77																				64.08228925433764

		1997.0		5.59E+16		308567		141186		0.000002524		2524		-47.1%		25338		257449		0.55		-14.4%		2.1729E+05		61.8%				45.3		-43%		2207822		76%				4.62808E+16		3367793527		13742169.89		58.3%				59888.0				62%		106.0%										5.59E+16		0.00000252		2.52																				54.84020135002534

		1998.0		1.02E+17		561772		126151		0.000001239		1239		-50.9%		26810		257956		0.49		-10.8%		3.9482E+05		81.7%				26.3		-42%		3798728		72%				8.98817E+16		3419938918		26281677.87		91.2%		1.018E+17		58955.7		2.E+06		82%		89.5%										1.02E+17		0.00000124		1.24																				48.90411579315078

		1999.0		1.59E+17		878715		149379		0.000000938		938		-24.3%		26088		299816		0.50		1.9%		5.3134E+05		34.6%				16.4		-38%		6106456		61%				1.40785E+17		3043623952		46255701.69		76.0%		1.593E+17		68119.1		2.E+06		35.4%		46.5%				208883.7						1.59E+17		0.00000094		0.94																				49.8234231483237

		2000.0		2.92E+17		1610647		204394		0.000000700		700		-25.4%		28423		373357		0.55		9.9%		7.8209E+05		47.2%				9.7		-41%		10273347		68%				2.69006E+17		3995312000		67330308.5		45.6%		2.920E+17		86514.6		3.E+06		44.3%		97.3%				258987.6						2.92E+17		0.00000070		0.70																				54.74485194312469

		2001.0		3.47E+17		1912962		138963		0.000000401		401		-42.8%		24054		293834		0.47		-13.6%		1.1803E+06		50.9%				6.9		-29%		14418000		40%				4.16967E+17		4059866000		102704705.3		52.5%		3.468E+17		68546.1		5.E+06		49.9%		95.0%		96.1%		202785.5																														47.292973926187855

		2002.0		5.53E+17		3049966		140719		0.000000254		254		-36.5%		26950		335632		0.42		-11.3%		1.6475E+06		74.1%				4.9		-30%		20517099		42%				5.87509E+17		4065774000		144501181.8		40.7%		5.529E+17		78555.4		7.E+06		39.1%		96.1%		1.03		232715.3																														41.92657140622125

		2003.0		8.57E+17		4726956		166426		0.000000194		194		-23.7%		29472		366731		0.45		8.2%		2.3368E+06		41.8%				3.4		-29%		29077538		42%				8.37152E+17		4331324000		193278500.5		33.8%		8.570E+17		90290.0		9.E+06		34.8%		103.2%		1.00		247469.2																														45.38083699828741

		2004.0		1.15E+18		6357268		213027		0.000000185		185		-4.8%		33685		435253		0.49		7.9%		2.6480E+06		13.3%				2.9		-15%		34214673		18%				1.52715E+18		6878244000		222025421		14.9%		1.153E+18		105708.4		1.E+07		14.9%		100.0%		0.97		290625.4																														48.94330965995427

		2005.0		1.78E+18		9839442		231969		0.000000130		130		-29.6%		34739		452506		0.51		4.7%		3.9421E+06		48.9%				1.9		-33%		51349837		50%				2.10655E+18		6449207545		326636395.4		47.1%		1.784E+18		112465.2		2.E+07		45.5%		96.5%		1.00		299444.7																														51.263229111015065

		2006.0		2.98E+18		16430218		213779		0.000000072		72		-44.8%		35793		442980		0.48		-5.9%		6.7242E+06		70.6%				217847532891.0		11186435306070%		0		-100%				3.44375E+18		6199144759		555520705.8		70.1%		2.979E+18		110421.9		3.E+07		70.1%		100.0%		1.00		290468.6																														48.25932672248883

		2007.0						228050		0.000000000		0		0.0%		37926		473816		0.48		-0.3%		0.0000E+00		-100.0%				0.0		0%		0		-100%																																																						48.13046367549037

		2008.0						268105		0.000000000		0		0.0%		41100		534260		0.50		4.3%		0.0000E+00		0.0%				0.0		0%		0		0%																																																						50.182553065273694

		2009.0						304350		0.000000000		0		0.0%		44932		604758		0.50		0.3%		0.0000E+00		0.0%				0.0		0%		0		0%																																																						50.32594101083724

																																																				0.E+00
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Here's the profitabily problem in chips.  Since 1995, ASPs have been on a steady decline
(all Semiconducor, including discretes).

Average Semiconductor Prices (in $)

Average Price-per-Chip



1 PPT

		Year		VLSI R Total Number of Transistors		World Motor Vehicle Production

				Units		Units		M Units

								10.2

		1955.0		3.20E+06		1.37E+07		13.7

		1956.0		6.26E+06		1.17E+07		11.7

		1957.0		9.38E+07		1.25E+07		12.5

		1958.0		1.21E+08		1.14E+07		11.4

		1959.0		2.13E+08		1.39E+07		13.9

		1960.0		3.16E+08		1.64E+07		16.4

		1961.0		4.46E+08		1.52E+07		15.2

		1962.0		9.36E+08		1.82E+07		18.2

		1963.0		1.32E+09		2.07E+07		20.7

		1964.0		1.66E+09		2.20E+07		22.0

		1965.0		2.45E+09		2.46E+07		24.6

		1966.0		7.01E+09		2.50E+07		25.0

		1967.0		2.42E+10		2.42E+07		24.2

		1968.0		8.65E+10		2.86E+07		28.6

		1969.0		3.58E+11		3.00E+07		30.0

		1970.0		9.07E+11		2.97E+07		29.7

		1971.0		1.29E+12		3.37E+07		33.7

		1972.0		1.90E+12		3.57E+07		35.7

		1973.0		4.08E+12		3.92E+07		39.2

		1974.0		6.71E+12		3.50E+07		35.0

		1975.0		6.19E+12		3.33E+07		33.3

		1976.0		9.16E+12		3.86E+07		38.6

		1977.0		1.36E+13		4.12E+07		41.2

		1978.0		2.01E+13		4.26E+07		42.6

		1979.0		3.82E+13		4.19E+07		41.9

		1980.0		5.55E+13		3.87E+07		38.7

		1981.0		9.76E+13		3.76E+07		37.6

		1982.0		9.67E+13		3.61E+07		36.1

		1983.0		1.43E+14		3.98E+07		39.8

		1984.0		2.39E+14		4.21E+07		42.1

		1985.0		2.50E+14		4.48E+07		44.8

		1986.0		3.36E+14		4.53E+07		45.3

		1987.0		6.21E+14		4.59E+07		45.9

		1988.0		1.01E+15		4.82E+07		48.2

		1989.0		1.55E+15		4.90E+07		49.0

		1990.0		2.08E+15		4.84E+07		48.4

		1991.0		3.00E+15		4.65E+07		46.5

		1992.0		4.90E+15		4.76E+07		47.6

		1993.0		6.81E+15		4.64E+07		46.4

		1994.0		1.15E+16		4.97E+07		49.7

		1995.0		1.97E+16		4.99E+07		49.9

		1996.0		2.91E+16		5.25E+07		52.5

		1997.0		5.59E+16		5.42E+07		54.2

		1998.0		1.02E+17		5.35E+07		53.5

		1999.0		1.59E+17		5.57E+07		55.7

		2000.0		2.92E+17		5.74E+07		57.4

		2001.0		3.47E+17		5.63E+07		56.3

		2002.0		5.53E+17		5.83E+07		58.3

		2003.0		8.57E+17		6.07E+07		60.7

		2004.0		1.15E+18		6.37E+07		63.7

		2005.0		1.78E+18		0.00E+00

		2006.0		1.64E+07		0.00E+00

		2007.0		0.00E+00		0.00E+00

		2008.0		0.00E+00		0.00E+00

		2009.0		0.00E+00		0.00E+00
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Transistor Production

World Motor Vehicle Production

Unitss

Worldwide Transistor Production
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		Year		Average Price Per Transistor		Growth

				(Nano-$)

		1947.0

		1954.0		5515915658

		1955.0		4764389874		-13.6%

		1956.0		4126301944		-13.4%

		1957.0		3445674819		-16.5%

		1958.0		3403135624		-1.2%

		1959.0		3597366557		5.7%

		1960.0		2752238163		-23.5%

		1961.0		1881241840		-31.6%

		1962.0		1689134864		-10.2%

		1963.0		1471319587		-12.9%

		1964.0		1336458146		-9.2%

		1965.0		790997826		-40.8%

		1966.0		369898126		-53.2%

		1967.0		101254746		-72.6%

		1968.0		30039416		-70.3%

		1969.0		8555719		-71.5%

		1970.0		3606948		-57.8%

		1971.0		2399607		-33.5%

		1972.0		2263069		-5.7%

		1973.0		2010316		-11.2%

		1974.0		1678944		-16.5%

		1975.0		905840		-46.0%

		1976.0		789998		-12.8%

		1977.0		616331		-22.0%

		1978.0		535143		-13.2%

		1979.0		454580		-15.1%

		1980.0		412257		-9.3%

		1981.0		303207		-26.5%

		1982.0		202897		-33.1%

		1983.0		170129		-16.2%

		1984.0		147100		-13.5%

		1985.0		123619		-16.0%

		1986.0		115041		-6.9%

		1987.0		70231		-39.0%

		1988.0		56480		-19.6%

		1989.0		39888		-29.4%

		1990.0		30284		-24.1%

		1991.0		21948		-27.5%

		1992.0		14217		-35.2%

		1993.0		12729		-10.5%

		1994.0		9648		-24.2%

		1995.0		7808		-19.1%

		1996.0		4771		-38.9%

		1997.0		2524		-47.1%

		1998.0		1239		-50.9%

		1999.0		938		-24.3%

		2000.0		700		-25.4%

		2001.0		401		-42.8%

		2002.0		254		-36.5%

		2003.0		194		-23.7%

		2004.0		185		-4.8%

		2005.0		130		-29.6%

		2006.0		72		-44.8%

		2007.0		0		0.0%

		2008.0		0		0.0%

		2009.0		0		0.0%
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Integrated Circuit Invented

Moore's first paper

Moore's second paper

Average Price Per Transistor for all Semiconductors
(in Nanodollars)



FORDARCH

		

																																										TCI		30509.02

				DIFFUSION RATES

		YEAR		IC ONLY

				EQPT INTO		SEMI		ELECTRONICS

				SEMI

				($M)		($M)		($M)

		1960		28		758		16558

		1961		34		839		19338

		1962		42		977		22125

		1963		61		1298		24445

		1964		79		1569		25942

		1965		105		1942		28847

		1966		165		2594		33422

		1967		108		2452		36127

		1968		105		2597		38268

		1969		162		3062		43900

		1970		255		3270		43050

		1971		186		3085		45926

		1972		261		4309		55268

		1973		348		5669		73260

		1974		386		7012		87950

		1975		272		5603		90020

		1976		477		7237		95000

		1977		645		8362		99700

		1978		925		10753		122200

		1979		1477		13528		146300

		1980		2228		18170		173400

		1981		2442		19792		214500

		1982		2740		19615		269008

		1983		3777		24359		311021

		1984		6222		35097		359022

		1985		5747		30959		374288

		1986		5063		38707		407127

		1987		5559		43618		462721

		1988		8106		57140		512863

		1989		9308		61924		557741

		1990		9778		62953		591594

		1991		10430		65849		600323

		1992		10045		69603		624247

		1993		12643		86741		660576

		1994		18851		111167		715027

		1995		30555		153570		777210

		1996		34868		138894		832754

		1997		34694		141186		892169

		1998		26071		126151		935488

		1999		31878		149379		1011635

		2000		55528		204394		1145093

		2001		35394		138963		1050094

		2002		26210		140719		988731
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Chips and Equipment have been tracking Electronics growth rates since 1995, albeit with higher volatility.

Electronics

Chips

Chip Equipment

(Revenues in $M)

Hi-Tech Revenues Worldwide
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		Filename: M:\109sciam\FORDARCH.WK1

		Ford Motor Co. Archives, Dearborn, MI

		FY Year Ending Sept 30

		Year		Average		Average		Average		1000		Cars Sold

				Price		Cost		Profit

		1904		506.75		394.48		112.27		1.708		1708

		1905		845.10		715.55		129.55		1.695		1695

		1906		760.72		685.62		75.10		1.599		1599

		1907		593.71		473.20		120.51		8.423		8423

		1908		574.85		410.01		164.84		6.398		6398

		1909		650.86		446.83		204.03		10.607		10607

		1910		784.36		504.25		280.11		18.664		18664

		1911		575.37		415.71		159.66		34.528		34528

		1912		445.35		308.50		136.85		78.44		78440

		1913		361.72		242.61		119.11		168.304		168304

		1914		341.21		241.60		99.61		248.307		248307

		1915		354.08		246.22		107.86		288.728		288728

		1916		345.75		237.67		108.08		472.35		472350

		1917		287.28		246.06		41.22		730.041		730041

		1918		241.81		204.96		36.85		656.165		656165

		1919		384.00		296.14		87.86		487.802		487802

		1920		407.19		320.86		86.33		635.226		635226

		1921		412.46		309.05		103.41		690.755		690755

		1922		442.75		343.03		99.72		933.72		933720



Here, the blue line that matches long-term electronics growth has been copied and overlaid on the  Chips and Equipment  Revenue lines.  Note how they  appear to have reached saturation.  After 8 years of tracking electronics, it is safe to say that a new and slower growth trend has emerged for Chips and Equipment.

So far, the trend in volatility has been to grow.  The reason is that companies have been running a strategy of market share rather than profits.     - - Dan
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Average Price

Average Cost

Average Profit

YEAR

DOLLARS PER UNIT SOLD

FORD MOTOR COMPANY'S EQUIVALENT TO MOORE'S LAW
(the early years of the auto industry)



		



Source: Ford Motor Co. Archives, Dearborn, MI
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Source: Semiconductor Industry Association

Year

Worldwide Transistor Production in Units

World Wide Transistor Production
(Merchant Producers only)
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Moore’s Law: How we got here

• We’ve gone from 10 cents to 25 Million Dollars and Moore’s Law is still alive.

Year CD (nm) Lithography Technology
1957 254,000 Camel’s Hair Brush
1958 127,000 Silk Screen Printer
1959 76,200 Contact Printer – Emulsion plates
1964 16,000 Contact Printer – Chrome plates
1972 8000 Proximity Aligner
1974 5000 Projection Aligner
1982 2000 g-line Stepper
1990 800 i-line Stepper
1997 250 248nm Scanner
2003 90 193nm Scanner



Copyright © 2006 VLSI Research Inc  All Rights Reserved                                                                  14

• Bigger more powerful trains.
– Union Pacific DDA40X

• Bigger Jets.
– Boeing 747

• Faster Jets.
– Concorde supersonic transport.

• Faster Cars.
– Freeways designed for safe speeds above 100 MPH.
– Ferrari Enzo capable of more than 200 MPH.

But no Exponential Lasts Forever
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• Customers don’t need more integration?
• Can’t shrink anymore?
• CMOS doesn’t work anymore?
• Fabs too expensive? 

• But we have proven amazingly able to 
beat the experts – It is the engineering feat 
of modern times.

Will something similar
happen to chips?
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• There is no abatement in the demand for transistors.
• There is an innate human need to store and process 

information.
– 30000 BC: Chauvet cave drawings
– 9000 BC: Sumerian clay tokens
– 3000 BC: Tokens replaced with tablets
– 2000 BC: Egyptians develop Papyrus paper
– 105 AD: Ts’ai Lun invents wood based paper
– 1436 AD: Johann Gutenberg invents printing press
– 1456 AD: Gutenberg bible published
– 1876 AD: Melville Dewey publishes classification system
– 1936 AD: Alan Turing decribes the “Turing Machine”

Customer’s don’t 
need more integration
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But industry growth has slowed.  First in 1985 and again 1995.
For more: see my ISSM 2003 Keynote at chiphistory.org

Hi-Tech Revenues Worldwide
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Chips and Equipment have been tracking 
Electronics growth rates since 1995, albeit 

with higher volatility.
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Chips and Equipment have been tracking Electronics growth rates since 1995, albeit with higher volatility.

Electronics

Chips

Chip Equipment

(Revenues in $M)

Hi-Tech Revenues Worldwide
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F 1 Moore's Law

		YEAR						TRANSISTORS																																																Annual Shrinkage						TRANSISTORS

		IN						(K)																																																						(Average, K)

		PRODUCTION		YEAR		Early IC'S		MPU's		DRAM's																																														Average		MPU		DRAM				MPU		DRAM

		Jan-59		1959		0.001																																																1959.0								0.001

				1960																																																		1960.0

				1961																																																		1961.0

		Dec-61		1962		0.007						2.8		6.964404506368992																																								1962.0		91%						0.007

		Jan-63		1963		0.017						4.1		17.148375400580683																																								1963.0		143%						0.017

		Jun-64		1964		0.028						4.8		27.857618025475972																																								1964.0		65%						0.028

		Feb-65		1965		0.06						5.9		59.7141114583557																																								1965.0		114%						0.06

				1966																																																		1966.0

				1967																																																		1967.0

				1968																																																		1968.0

				1969																																																		1969.0

				1970		2.048																																																1970.0		103%						2.048

		Nov-1971		1971				2.3		3.8		4004.0				1971		1972		1974		1976		1978		1979		1981		1982		1984		1985		1987		1989		1990		1993		1993		1995		1995		1996		1997		1971.0		49%		12%		86%				2.3		3.8

		Feb-1972		1972				4.0				6800.0				2.3		4.0		6.0				28.0		68.0				134.0		190.0		275.0		273.0		1200.0		1170.0		3300.0		2800.0		5500.0		3600.0		6900.0		15950.0		1972.0		74%		74%						4.0

				1973																																																		1973.0

		Apr-1974		1974				6.0		10.0		8080.0				3.8				10.0		36.0						104.0						297.0				1180.0				4700.0								19000.0		76000.0		1974.0		30%		22%		38%				6.0		10.0

				1975																																																		1975.0

		Jan-1976		1976						36.0																																												1976.0		90%				90%						36.0

				1977																																																		1977.0

		Jun-1978		1978				28.0				8086.0																																										1978.0		47%		47%						28.0

		Jul-1979		1979				68.0				68000.0																																										1979.0		143%		143%						68.0

				1980																																																		1980.0

		Jan-1981		1981						104.0																																												1981.0		24%				24%						104.0

		Feb-1982		1982				134.0				286.0																																										1982.0		25%		25%						134.0

				1983																																																		1983.0

		May-1984		1984				190.0				68020.0																																										1984.0		19%		19%						190.0

		Oct-1985		1985				275.0		297.0		386DX																																										1985.0		37%		45%		30%				275.0		297.0

				1986																																																		1986.0

		Mar-1987		1987				273.0				68030.0																																										1987.0

				1988																																																		1988.0

		Apr-1989		1989				1200.0		1180.0		486DX																																										1989.0		43%		45%		41%				1200.0		1180.0

		Nov-1990		1990				1170.0				68040.0																																										1990.0

				1991										Also:																																								1991.0

				1992																																																		1992.0

		Mar-1993		1993				3300.0		4700.0		Pentium		Nov-1993		PwrPC601		2800.0																																				1993.0		35%		29%		41%				3300.0		4700.0

				1994																																																		1994.0

		Nov-1995		1995				5500.0				Pentium Pro		Dec-1995		PwrPC604		3600.0																																				1995.0		29%		29%						5500.0

		Dec-1996		1996				6900.0		19000.0		PwrPC620																																										1996.0		42%		25%		59%				6900.0		19000.0

				1997				7500.0				Pentium III																																										1997.0

		Dec-1998		1998				15950.0		76000.0		Pentium III																																										1998.0		76%		52%		100%				15950.0		76000.0

		Dec-1999		1999				24000.0				Pentium III																																										1999.0						-100%						0.0

				2000						152000.0																																												2000.0

		Jan-2001		2001				42000.0				Pentium 4																																										2001.0		-31%		38%		-100%				42000.0		0.0

				2001

				2002				55000.0		304100.0		Pentium 4

				2003

				2004

				2005				1700000.0		608200.0		Intel Montecito

		YEAR						TRANSISTORS

		IN						(K)				DRAM																																										Average Annual Reduction Rate

		PRODUCTION																																																				1959-1965		103%

																																																						1966-1975		69%		36%		71%

		Jan-1971						3.8				1K				0.0		1.0																																				1976-1985		55%		56%		48%

		Jun-1974						10.0				4K				2.0		4.0																																				1986-1995		37%		32%		47%

		Jan-1976						36.0				16K				4.0		16.0																																				1996-2001		29%		39%		-10%

		Jan-1981						104.0				64K				6.0		64.0																																				1976-2001		45%		45%		21%

		Jan-1985						297.0				256K				8.0		256.0																																				Average Months to Double Device Complexity

		Aug-1989						1180.0				1M		1.15234375		10.0		1024.0																																				1959-1965		12

		Feb-1993						4700.0				4M		1.1474609375		12.0		4096.0																																				1966-1975		17		33		17

		Sep-1996						19000.0				16M		1.15966796875		14.0		16384.0																																				1976-1985		22		22		25

		Dec-1998						76000.0				64M		1.15966796875				65536.0																																				1986-1995		32		38		25

		Jan-2000						152000.0				128M		1.1598587036132812				131072.0																																				1996-2001		41		31		-118

		Jan-2002						304100.0				256M		1.1600494384765625				262144.0																																				1976-2001		27		27		58

		Jan-2005						608200.0				512M		1.1600494384765625				524288.0																																				1976-2001		0		0		0



8088 was introduced in 79.  The difference was that it was an 8 bit MPU instead of a 16 bit.  According to Howard High at Intel.  The total # of transistors was roughly the same and the speed was the same for both chips. -- GDH 3/31/97

G. Dan Hutcheson:
Gordon Moore's Paper in 1965.   With the exception of 1959's Transistor, all through 65 are bipolar logic. -- gdh 2/3/02

Source Intel.

G. Dan Hutcheson:
Gordon Moore's Paper in 1965.   With the exception of 1959's Transistor, all through 65 are bipolar logic. -- gdh 2/3/02

G. Dan Hutcheson:
Gordon Moore's Paper in 1965.   With the exception of 1959's Transistor, all through 65 are bipolar logic. -- gdh 2/3/02

G. Dan Hutcheson:
Gordon Moore's Paper in 1965.   With the exception of 1959's Transistor, all through 65 are bipolar logic. -- gdh 2/3/02

G. Dan Hutcheson:
Gordon Moore's Paper in 1965.   With the exception of 1959's Transistor, all through 65 are bipolar logic. -- gdh 2/3/02

Source Intel for their MPU's  Motorola MPUs come from them.
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Five Decades of Moore's Law



F 2 CD's

								Annual		Annual

								Linear		Areal		Lithography

		CD (mils)		YEAR		CD (nm)		Shrink (%)		Shrink (%)		Method																																		YEAR		CD		Lithography Technology		Etch

																																																(microns)

		10		1957		254000						Camel's Hair Brush, Hand Painting																																		1957.0		254.000		Camel's Hair Brush, Hand Painting		Wet

		5		1958		127000		50%		75%		Silk Screen Printer		1958.0																																1958.0		127.000		Silk Screen Printer

		3		1959		76200		40%		64%		Contact Printer W/Emulsion Plates																																		1959.0		76.200		Contact Printer W/Emulsion Plates

		2		1960		50800		33%		56%		Contact Printer W/Emulsion Plates																																		1964.0		16.000		Contact Printer W/Chrome Plates

				1961																																										1972.0		8.000		Proximity Aligner

		1		1962		25400		29%		50%		Contact Printer W/Emulsion Plates																																		1974.0		5.000		Projection Aligner		Barrel Plasma

		CD (microns)		1963																																										1982.0		2.000		g-line Stepper		Planar Plasma

		16		1964		16000		21%		37%		Contact Printer W/Chrome Plates																																		1984.0		1.500				Reactive Ion Etching

				1965																																										1988.0		1.000				High Density Plasma

				1966																																										1990.0		0.800		i-line Stepper

				1967																																										1997.0		0.250		248nm Scanner

				1968																																										2003.0		0.090		193nm Scanner

		10		1969		10000		9%		17%		Contact Printer W/Chrome Plates

				1970

				1971

		8		1972		8000		7%		14%		Proximity Aligner

				1973

		5		1974		5000		21%		38%		Projection Aligner

				1975

		4		1976		4000		11%		20%		Projection Aligner

				1977

				1978

		3		1979		3000		9%		17%		Projection Aligner

		0		1980

				1981

		2.0		1982		2000		13%		24%		g-line Stepper

				1983

		1.50		1984		1500		13%		25%		g-line Stepper

				1985

		1.3		1986		1250		9%		17%		g-line Stepper

				1987

		1.0		1988		1000		11%		20%		g-line Stepper

				1989

		0.8		1990		800		11%		20%		i-line Stepper

				1991

				1992

		0.60		1993		600		9%		17%		i-line Stepper

				1994

		0.35		1995		350		24%		42%		i-line Stepper

				1996

		0.25		1997		250		15%		29%		248nm Scanner

				1998

				1999		180		15%		28%		248nm Scanner

				2000

		0.13		2001		130		15%		28%		248nm Scanner

				2002

				2003		90		17%		31%		193nm Scanner

				2004

				2005		65		15%		28%		193nm Scanner

		Average Annual Areal CD Reduction Rate

		1959-1965		52%

		1966-1975		22%

		1976-1985		22%

		1986-1995		23%

		1995-2001		28%

		1976-2001		24%

		Average Months to Double Device Complexity

		1959-1965		23

		1966-1975		54

		1976-1985		56

		1986-1995		52

		1991-2001		43

		1976-2001		50



Figure 1

Early IC'S

MPU's

DRAM's

Year

Components (K)

Moore's Law: Still going strong after 40 years.
(April 19, 1965 to 2005)



F 2 CD's

		



CD (nm)

Year

Node (nm)

Five Decades of Critical Dimension Shrinks
(in nanometers)



F 3 Sources

														Areal														Wafer

				Integration		Areal		Die Area				Yield		Reduction								Yield						Area

				Growth		Reduction		Increase				Reduction		as a % of total								Reduction

																										1965.0		285				19.049999999999997

		Average Annual Reduction Rate																								1968.0		506		-21%		25.4

		1959-1965		103%		52%		0%				0%		50%						1965.0		20.0				1970.0		791		-25%		31.75

		1966-1975		69%		22%		16%				6%		32%						1972.0		30.0		-6%		1975.0		3165		-32%		63.5

		1976-1985		55%		22%		13%				4%		39%						1980.0		40.0		-4%		1978.0		4558		-13%		76.19999999999999

		1986-1995		37%		23%		13%				4%		62%						1990.0		60.0		-4%		1982.0		7850		-15%		100.0

		1995-2001		29%		28%		2%				4%		97%						2000.0		85.0		-4%		1985.0		12266		-16%		125.0

		1976-2001		45%		24%		9%				4%		54%						1976-2001						1988.0		17663		-13%		150.0

																										1994.0		31400		-10%		200.0

		Average Months to Double Device Complexity

		1959-1965		12		23																Die				Die

		1966-1975		17		54																Area				Area

		1976-1985		22		56																K sq mils				K sq mils

		1986-1995		32		52

		1991-2001		41		43														1959.0		2.0				2.0

		1976-2001		27		50														1962.0		2.0		0%		2.0

																Die				1964.0		6.0		-73%		6.0

																area				1969.0		12.0		-15%		12.0

																MM^2				1970.0		14.0		-17%		14.0

												4004.0		1971.0		18				1972.0		16.0		-7%		16.0

												8080.0		1974.0		40		-30%		1975.0		32.0		-26%		32.0		178.88543819998318		0.7042733787400913		0.4960009920019841

												8086.0		1978.0		72				1978.0				-16%

												286.0		1982.0		90				1982.0				-6%

												386.0		1985.0		107				1985.0				-6%

												486DX2		1989.0		168				1989.0				-12%

												Pentium		1993.0		294				1993.0				-15%

												P Pro		1995.0		309				1995.0				-2%



Source: Intel, Joann Hasegawa

8088 was introduced in 79.  The difference was that it was an 8 bit MPU instead of a 16 bit.  According to Howard High at Intel.  The total # of transistors was roughly the same and the speed was the same for both chips. -- GDH 3/31/97



Price per bit

		DRAM MARKET HISTORY

		YEAR		UNITS SHIPPED		BITS		SALES ($)				YEAR		PRICE PER GIGABIT ($)		PRICE PER BIT (Nano-$)		TRANSISTORS (tera-units)		PRICE PER TRANSISTOR (micro-$)				SHIPMENTS (M units)		TERABITS						SALES ($B)		REAL SALES (1971 $B)

		1971		1.00E+06		1.02E+09		1.30E+07				1971		12695313		12695312.50		0.0		4231.771				1.0		0.0				1971.0		0.013		0

		1972		4.00E+06		4.10E+09		3.90E+07				1972		9521484		9521484.38		0.0		3173.828				4.0		0.0				1972.0		0.039		0

		1973		8.00E+06		8.19E+09		6.00E+07				1973		7324219		7324218.75		0.0		2441.406				8.0		0.0				1973.0		0.060		0

		1974		1.80E+07		2.15E+10		9.70E+07				1974		4510789		4510788.69		0.1		1605.535				18.0		0.0				1974.0		0.097		0

		1975		2.50E+07		4.10E+10		1.15E+08				1975		2807617		2807617.19		0.1		1123.047				25.0		0.0				1975.0		0.115		1

		1976		4.25E+07		1.37E+11		2.05E+08				1976		1493995		1493994.87		0.3		730.640				42.5		0.1				1976.0		0.205		2

		1977		4.93E+07		1.86E+11		2.64E+08				1977		1422022		1422021.51		0.4		749.673				49.3		0.2				1977.0		0.264		2

		1978		1.07E+08		6.43E+11		3.76E+08				1978		585066		585066.12		1.0		384.570				107.1		0.6				1978.0		0.376		8

		1979		1.47E+08		1.48E+12		4.38E+08				1979		295805		295805.24		1.8		247.245				147.0		1.5				1979.0		0.438		19

		1980		2.34E+08		3.38E+12		5.69E+08				1980		168536		168536.26		3.5		161.202				234.0		3.4				1980.0		0.569		43

		1981		2.41E+08		3.99E+12		6.30E+08				1981		157955		157954.91		4.1		154.388				241.0		4.0				1981.0		0.630		51

		1982		3.18E+08		9.45E+12		8.80E+08				1982		93157		93157.18		9.5		92.575				318.0		9.4				1982.0		0.880		120

		1983		5.99E+08		2.83E+13		1.32E+09				1983		46490		46489.86		28.4		46.429				598.8		28.3				1983.0		1.317		360

		1984		9.71E+08		6.40E+13		3.62E+09				1984		56554		56554.27		64.0		56.536				971.0		64.0				1984.0		3.620		813

		1985		7.52E+08		8.95E+13		1.50E+09				1985		16720		16719.96		89.5		16.719				752.0		89.5				1985.0		1.496		1136

		1986		8.49E+08		1.45E+14		1.53E+09				1986		10572		10572.01		144.7		10.572				849.1		144.7				1986.0		1.529		1837

		1987		8.49E+08		2.15E+14		2.36E+09				1987		10981		10980.78		214.8		10.981				849.0		214.8				1987.0		2.359		2728

		1988		1.18E+09		3.38E+14		6.39E+09				1988		18917		18917.26		337.8		18.917				1176.0		337.8				1988.0		6.390		4288

		1989		1.23E+09		6.10E+14		8.44E+09				1989		13837		13836.91		610.0		13.837				1227.6		610.0				1989.0		8.441		7745

		1990		1.32E+09		9.39E+14		6.36E+09				1990		6772		6772.14		938.6		6.772				1315.1		938.6				1990.0		6.356		11916

		1991		1.27E+09		1.56E+15		6.60E+09				1991		4243		4243.48		1556.5		4.243				1274.2		1556.5				1991.0		6.605		19760

		1992		1.49E+09		2.91E+15		8.52E+09				1992		2929		2929.42		2909.4		2.929				1493.4		2909.4				1992.0		8.523		36936

		1993		1.50E+09		4.23E+15		1.31E+10				1993		3109		3108.68		4227.0		3.109				1499.4		4227.0				1993.0		13.140		53663

		1994		1.95E+09		8.28E+15		2.34E+10				1994		2827		2827.10		8283.2		2.827				1947.2		8283.2				1994.0		23.417		105157

		1995		2.52E+09		1.41E+16		4.08E+10				1995		2898		2898.33		14088.4		2.898				2515.4		14088.4				1995.0		40.833		178856

		1996		2.78E+09		2.42E+16		2.51E+10				1996		1040		1040.25		24159.8		1.040				2782.8		24159.8				1996.0		25.132		306716

		1997		3.37E+09		4.57E+16		1.98E+10				1997		433		433.45		46280.8		0.428				3367.8		45675.3				1997.0		19.798		579863

		1998		3.42E+09		8.04E+16		1.40E+10				1998		174		174.29		89881.7		0.156				3419.9		80389.0				1998.0		14.011		1020564

		1999		3.04E+09		1.41E+17		2.07E+10				1999		147		147.13		140785.0		0.147				3043.6		140785.0				1999.0		20.71		1787309

		2000		4.00E+09		2.69E+17		2.89E+10				2000		107		107.46		269005.6		0.107				3995.3		269005.6				2000.0		28.907		3415110

		2001		4.06E+09		4.17E+17		1.12E+10				2001		27		26.86		416967.3		0.027				4059.9		416967.3				2001.0		11.199		5293531

		2002		4.07E+09		5.88E+17		1.53E+10				2002		26		25.96		587509.1		0.026				4065.8		587509.1				2002.0		15.254		7458612

		2003		4.33E+09		8.37E+17		1.67E+10				2003		20		19.93		837151.8		0.020				4331.3		837151.8				2003.0		16.688		10627904

		2004		6.88E+09		1.53E+18		2.68E+10				2004		18		17.58		1527145.0		0.018				6878.2		1527145.0				2004.0		26.842		19387583

		2005		6.45E+09		2.11E+18		2.92E+10				2005		14		13.87		2106545.9		0.014				6449.2		2106545.9				2005.0		29.225		26743259

		2006		6.20E+09		3.44E+18		2.64E+10				2006		8		7.66		3443753.3		0.008				6199.1		3443753.3				2006.0		26.377		43719524



Taken from Dec 98 Blue Book.  LC 11/5/99
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PRICE PER GIGABIT ($)
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DRAM PRICE PER GIGABIT HISTORY



1 Trans

																																																																		WSTS

		Year		VLSI R Total Number of Transistors		REAL Semiconductor SALES (1954 $T)		Semiconductor Revenues		Average Price Per Transistor		Average Price Per Transistor		Growth		W.W. Silicon Shipped		W.W. Units Shipped		Average Price Per Unit		Growth		Average Transistors Per Unit		Growth in xistors per Unit				Average Area per Transistor		Growth		Transistors per Sq CM		Growth				Total Number of DRAM Trans		Total Number of DRAMs		DRAM Transistors per Unit		Growth in DRAM trans per Unit		Total IC Transistors		Total Number of ICs		IC Transistors per Unit		Growth in IC trans per Unit		Ratio Trans to DRAM Growth		ADJ		Total Number of Discretes				Semiconductor Revenues		Total Number of Transistors		Average Price Per Transistor		Average Price Per Transistor								% of xistors Germanium		Germanium Transistors		Silicon Transistors		Total Transistors		ICs				Average Price Per Unit
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		1947.0																																																																Invention of Transistor

		1954.0				0		7		5.515915658		5515915658																																																				5.1		1.31E+06		5.51591566		5515915.66																				0.0

		1955.0		3.20E+06		0		17		4.764389874		4764389874		-13.6%				3		5.45				1.0000E+00		0.0%																																						12.3		3.66E+06		4.76438987		4764389.87																				545.0334398093113

		1956.0		6.26E+06		0		52		4.126301944		4126301944		-13.4%				6		8.38		53.8%		1.0000E+00		0.0%																																						37.0		1.27E+07		4.12630194		4126301.94																				838.0991619707326

		1957.0		9.38E+07		0		244		3.445674819		3445674819		-16.5%				94		2.60		-69.0%		1.0000E+00		0.0%																																						172.0		7.08E+07		3.44567482		3445674.82																				260.01213901836195

		1958.0		1.21E+08		0		319		3.403135624		3403135624		-1.2%				121		2.64		1.5%		1.0000E+00		0.0%																																						225.0		9.38E+07		3.40313562		3403135.62																				263.8907897158198

		1959.0		2.13E+08		0		518		3.597366557		3597366557		5.7%				213		2.44		-7.7%		1.0000E+00		0.0%																																						389.0		1.44E+08		3.59736656		3597366.56																				243.55604125086904

		1960.0		3.16E+08		0		758		2.752238163		2752238163		-23.5%		5		316		2.40		-1.6%		1.0000E+00		0.0%				1,509,671.29				38																														650.0		2.75E+08		2.75223816		2752238.16								43.2%		119.0		8.8		127.8						239.6559271188743

		1961.0		4.46E+08		0		839		1.881241840		1881241840		-31.6%		5		356		2.36		-1.6%		1.2542E+00		25.4%				1,106,663.50		-27%		54		44%																												700.0		4.46E+08		1.88124184		1881241.84								39.9%		177.9		13.0		190.9		5.0				235.94099775095626

		1962.0		9.36E+08		0		977		1.689134864		1689134864		-10.2%		6		723		1.35		-42.7%		1.2953E+00		3.3%				654,555.59		-41%		96		77%																												700.0		5.79E+08		1.68913486		1689134.86								36.9%		213.7		26.6		240.3		10.0				135.25058246408204

		1963.0		1.32E+09		0		1298		1.471319587		1471319587		-12.9%		12		986		1.32		-2.7%		1.3377E+00		3.3%				876,226.84		34%		82		-15%																												900.0		8.82E+08		1.47131959		1471319.59								28.3%		249.4		50.6		300.0		20.0				131.61224304687263

		1964.0		1.66E+09		0		1569		1.336458146		1336458146		-9.2%		26		1203		1.30		-0.9%		1.3816E+00		3.3%				1,553,238.12		77%		49		-41%																												1000.0		1.17E+09		1.33645815		1336458.15								24.6%		288.8		118.1		406.9		51.0				130.39403911658292

		1965.0		2.45E+09		0		1942		0.790997826		790997826		-40.8%		49		1721		1.13		-13.4%		1.4269E+00		3.3%				2,013,728.21		30%		43		-12%																												1300.0		2.45E+09		0.79099783		790997.83								13.6%		333.6		274.5		608.1		94.0				112.86500106418814

		1966.0		7.01E+09		0		2594		0.369898126		369898126		-53.2%		104		2458		1.06		-6.5%		2.8537E+00		100.0%				1,476,802.13		-27%		64		50%																												1600.0		7.01E+09		0.36989813		369898.13								5.3%		368.7		487.2		855.9		173.0				105.55891799531763

		1967.0		2.42E+10		0		2452		0.101254746		101254746		-72.6%		373		2303		1.06		0.9%		1.0514E+01		268.4%				1,542,063.98		4%		64		-0%																												1600.0		2.42E+10		0.10125475		101254.75								1.1%		270.3		489.5		759.8		272.0				106.46082763991156

		1968.0		8.65E+10		0		2597		0.030039416		30039416		-70.3%		580		2667		0.97		-8.5%		3.2418E+01		208.3%				671,211.27		-56%		149		132%																												1700.0		8.65E+10		0.03003942		30039.42								0.2%		199.3		684.1		883.4		367.0				97.38074378708393

		1969.0		3.58E+11		2		3062		0.008555719		8555719		-71.5%		676		3566		0.86		-11.8%		1.0035E+02		209.5%				188,805.27		-72%		530		256%																												2300.0		3.58E+11		0.00855572		8555.72																				85.85548427618744

		1970.0		9.07E+11		5		3270		0.003606948		3606948		-57.8%		960		3133		1.04		21.6%		2.8937E+02		188.4%				105,837.99		-44%		945		78%																												2350.0		9.07E+11		0.00360695		3606.95																				104.37280561761891

		1971.0		1.29E+12		7		3085		0.002399607		2399607		-33.5%		1042		2803		1.10		5.4%		4.5863E+02		58.5%				81071.5		-23%		1233		31%				3072000000		1000000		3072																						1.29E+12		0.00239961		2399.61																				110.05279680365298

		1972.0		1.90E+12		11		4309		0.002263069		2263069		-5.7%		1326		3539		1.22		10.6%		5.3796E+02		17.3%				69658.2		-14%		1436		16%				12288000000		4000000		3072		0.0%																				1.90E+12		0.00226307		2263.07																				121.74379838390688

		1973.0		4.08E+12		16		5669		0.002010316		2010316		-11.2%		1865		7083		0.80		-34.3%		5.7534E+02		6.9%				45765.2		-34%		2185		52%				24576000000		8000000		3072		0.0%																				2.82E+12		0.00201032		2010.32																				80.03783760888902

		1974.0		6.71E+12		23		7012		0.001678944		1678944		-16.5%		2072		11102		0.63		-21.1%		6.0410E+02		5.0%				30892.1		-32%		3237		48%				60416000000		18000000		3356.444444		9.3%								5%		54.0%										4.18E+12		0.00167894		1678.94																				63.158084360898194

		1975.0		6.19E+12		34		5603		0.000905840		905840		-46.0%		2044		8904		0.63		-0.4%		6.9467E+02		15.0%				33038.5		7%		3027		-6%				1.024E+11		25000000		4096		22.0%								15%		68.0%										6.19E+12		0.00090584		905.84																				62.92606776653451

		1976.0		9.16E+12		51		7237		0.000789998		789998		-12.8%		3020		11344		0.64		1.4%		8.0757E+02		16.3%				32968.2		-0%		3033		0%				2.80576E+11		42500000		6601.788235		61.2%								16%		26.6%										9.16E+12		0.00079000		790.00																				63.79752638028157

		1977.0		1.36E+13		75		8362		0.000616331		616331		-22.0%		3476		12949		0.65		1.2%		1.0478E+03		29.7%				25620.7		-22%		3903		29%				3.52154E+11		49300000		7143.075051		8.2%								30%		362.8%										1.36E+13		0.00061633		616.33																				64.57641516719438

		1978.0		2.01E+13		111		10753		0.000535143		535143		-13.2%		3927		15428		0.70		7.9%		1.3024E+03		24.3%				19541.8		-24%		5117		31%				9.77715E+11		107100000		9128.993464		27.8%								24%		87.4%										2.01E+13		0.00053514		535.14																				69.69614477197895

		1979.0		3.82E+13		164		13528		0.000454580		454580		-15.1%		4955		26657		0.51		-27.2%		1.4326E+03		10.0%				12974.5		-34%		7707		51%				1.77152E+12		147000000		12051.15646		32.0%								10%		31.2%										2.98E+13		0.00045458		454.58																				50.74830110608638

		1980.0		5.55E+13		243		18170		0.000412257		412257		-9.3%		5519		37886		0.48		-5.5%		1.4641E+03		2.2%				9950.6		-23%		10050		30%				3.52973E+12		234000000		15084.30769		25.2%								2%		8.7%										4.41E+13		0.00041226		412.26																				47.96004825039526

		1981.0		9.76E+13		360		19792		0.000303207		303207		-26.5%		5074		61251		0.32		-32.6%		1.5939E+03		8.9%				5196.9		-48%		19242		91%				4.08064E+12		241000000		16932.11618		12.2%								9%		72.4%										6.53E+13		0.00030321		303.21																				32.31310009518259

		1982.0		9.67E+13		533		19615		0.000202897		202897		-33.1%		5139		64281		0.31		-5.6%		2.1257E+03		33.4%				5315.7		2%		18812		-2%				9.50579E+12		318000000		29892.42767		76.5%								33%		43.6%										9.67E+13		0.00020290		202.90																				30.5146023612064

		1983.0		1.43E+14		790		24359		0.000170129		170129		-16.2%		6149		60531		0.40		31.9%		2.3654E+03		11.3%				4294.4		-19%		23286		24%				2.83656E+13		598800000		47370.77355		58.5%								11%		19.3%										1.43E+14		0.00017013		170.13																				40.24164697907467

		1984.0		2.39E+14		1316		35097		0.000147100		147100		-13.5%		9394		87911		0.40		-0.8%		2.7141E+03		14.7%				3937.2		-8%		25399		9%				6.40369E+13		971000000		65949.3965		39.2%				29280.7				15%		37.6%										2.39E+14		0.00014710		147.10																				39.92384665696434

		1985.0		2.50E+14		1381		30959		0.000123619		123619		-16.0%		6602		86570		0.36		-10.4%		2.8929E+03		6.6%				2636.1		-33%		37935		49%				8.94812E+13		752000000		118990.9787		80.4%				23839.4				7%		8.2%										2.50E+14		0.00012362		123.62																				35.76194579389732

		1986.0		3.36E+14		1856		38707		0.000115041		115041		-6.9%		7918		97861		0.40		10.6%		3.4382E+03		18.8%				2353.4		-11%		42492		12%				1.44661E+14		849100000		170369.6733		43.2%				29496.1				19%		43.7%										3.36E+14		0.00011504		115.04																				39.55366422862448

		1987.0		6.21E+14		3426		43618		0.000070231		70231		-39.0%		9969		105573		0.41		4.5%		5.8828E+03		71.1%				1605.2		-32%		62299		47%				2.14843E+14		849000000		253054.6431		48.5%				30708.8				71%		146.5%										6.21E+14		0.00007023		70.23																				41.31562076773164

		1988.0		1.01E+15		5580		57140		0.000056480		56480		-19.6%		11662		128356		0.45		7.7%		7.8820E+03		34.0%				1152.7		-28%		86750		39%				3.37773E+14		1176000000		287221.551		13.5%				36763.9				34%		251.7%										1.01E+15		0.00005648		56.48																				44.51689896839455

		1989.0		1.55E+15		8563		61924		0.000039888		39888		-29.4%		12570		135536		0.46		2.6%		1.1454E+04		45.3%				809.7		-30%		123505		42%				6.10035E+14		1227600000		496933.2864		73.0%				37429.6				45%		62.1%										1.55E+15		0.00003989		39.89																				45.68826168576004

		1990.0		2.08E+15		11466		62953		0.000030284		30284		-24.1%		13799		146716		0.43		-6.1%		1.4168E+04		23.7%				663.8		-18%		150642		22%				9.3858E+14		1315100000		713695.0632		43.6%				40606.3				24%		54.3%										2.08E+15		0.00003028		30.28																				42.9078249666554

		1991.0		3.00E+15		16549		65849		0.000021948		21948		-27.5%		13175		151194		0.44		1.5%		1.9844E+04		40.1%				439.1		-34%		227719		51%				1.55649E+15		1274200000		1221545.367		71.2%				41716.2				40%		56.3%										3.00E+15		0.00002195		21.95																				43.552748713017415

		1992.0		4.90E+15		27004		69603		0.000014217		14217		-35.2%		12609		148264		0.47		7.8%		3.3020E+04		66.4%				257.5		-41%		388278		71%				2.90943E+15		1493445000		1948135.683		59.5%				40035.3				66%		111.6%										4.90E+15		0.00001422		14.22																				46.94505736614585

		1993.0		6.81E+15		37588		86741		0.000012729		12729		-10.5%		15051		160695		0.54		15.0%		4.2406E+04		28.4%				220.9		-14%		452747		17%				4.22698E+15		1499399000		2819115.485		44.7%				43274.0				28%		63.6%										6.81E+15		0.00001273		12.73																				53.97901717323995

		1994.0		1.15E+16		63557		111167		0.000009648		9648		-24.2%		17678		181549		0.61		13.4%		6.3468E+04		49.7%				153.4		-31%		651790		44%				8.28316E+15		1947152000		4253987.389		50.9%				44998.4				50%		97.6%										1.15E+16		0.00000965		9.65																				61.232797223516144

		1995.0		1.97E+16		108484		153570		0.000007808		7808		-19.1%		22094		223345		0.69		12.3%		8.8059E+04		38.7%				112.3		-27%		890157		37%				1.40884E+16		2515432256		5600775.711		31.7%				49075.8				39%		122.4%										1.97E+16		0.00000781		7.81																				68.75918261288655

		1996.0		2.91E+16		160584		138894		0.000004771		4771		-38.9%		23254		216743		0.64		-6.8%		1.3432E+05		52.5%				79.9		-29%		1251974		41%				2.41598E+16		2782794693		8681848.628		55.0%				48986.5				53%		95.5%										2.91E+16		0.00000477		4.77																				64.08228925433764

		1997.0		5.59E+16		308567		141186		0.000002524		2524		-47.1%		25338		257449		0.55		-14.4%		2.1729E+05		61.8%				45.3		-43%		2207822		76%				4.62808E+16		3367793527		13742169.89		58.3%				59888.0				62%		106.0%										5.59E+16		0.00000252		2.52																				54.84020135002534

		1998.0		1.02E+17		561772		126151		0.000001239		1239		-50.9%		26810		257956		0.49		-10.8%		3.9482E+05		81.7%				26.3		-42%		3798728		72%				8.98817E+16		3419938918		26281677.87		91.2%		1.018E+17		58955.7		2.E+06		82%		89.5%										1.02E+17		0.00000124		1.24																				48.90411579315078

		1999.0		1.59E+17		878715		149379		0.000000938		938		-24.3%		26088		299816		0.50		1.9%		5.3134E+05		34.6%				16.4		-38%		6106456		61%				1.40785E+17		3043623952		46255701.69		76.0%		1.593E+17		68119.1		2.E+06		35.4%		46.5%				208883.7						1.59E+17		0.00000094		0.94																				49.8234231483237

		2000.0		2.92E+17		1610647		204394		0.000000700		700		-25.4%		28423		373357		0.55		9.9%		7.8209E+05		47.2%				9.7		-41%		10273347		68%				2.69006E+17		3995312000		67330308.5		45.6%		2.920E+17		86514.6		3.E+06		44.3%		97.3%				258987.6						2.92E+17		0.00000070		0.70																				54.74485194312469

		2001.0		3.47E+17		1912962		138963		0.000000401		401		-42.8%		24054		293834		0.47		-13.6%		1.1803E+06		50.9%				6.9		-29%		14418000		40%				4.16967E+17		4059866000		102704705.3		52.5%		3.468E+17		68546.1		5.E+06		49.9%		95.0%		96.1%		202785.5																														47.292973926187855

		2002.0		5.53E+17		3049966		140719		0.000000254		254		-36.5%		26950		335632		0.42		-11.3%		1.6475E+06		74.1%				4.9		-30%		20517099		42%				5.87509E+17		4065774000		144501181.8		40.7%		5.529E+17		78555.4		7.E+06		39.1%		96.1%		1.03		232715.3																														41.92657140622125

		2003.0		8.57E+17		4726956		166426		0.000000194		194		-23.7%		29472		366731		0.45		8.2%		2.3368E+06		41.8%				3.4		-29%		29077538		42%				8.37152E+17		4331324000		193278500.5		33.8%		8.570E+17		90290.0		9.E+06		34.8%		103.2%		1.00		247469.2																														45.38083699828741

		2004.0		1.15E+18		6357268		213027		0.000000185		185		-4.8%		33685		435253		0.49		7.9%		2.6480E+06		13.3%				2.9		-15%		34214673		18%				1.52715E+18		6878244000		222025421		14.9%		1.153E+18		105708.4		1.E+07		14.9%		100.0%		0.97		290625.4																														48.94330965995427

		2005.0		1.78E+18		9839442		231969		0.000000130		130		-29.6%		34739		452506		0.51		4.7%		3.9421E+06		48.9%				1.9		-33%		51349837		50%				2.10655E+18		6449207545		326636395.4		47.1%		1.784E+18		112465.2		2.E+07		45.5%		96.5%		1.00		299444.7																														51.263229111015065

		2006.0		2.98E+18		16430218		213779		0.000000072		72		-44.8%		35793		442980		0.48		-5.9%		6.7242E+06		70.6%				217847532891.0		11186435306070%		0		-100%				3.44375E+18		6199144759		555520705.8		70.1%		2.979E+18		110421.9		3.E+07		70.1%		100.0%		1.00		290468.6																														48.25932672248883

		2007.0						228050		0.000000000		0		0.0%		37926		473816		0.48		-0.3%		0.0000E+00		-100.0%				0.0		0%		0		-100%																																																						48.13046367549037

		2008.0						268105		0.000000000		0		0.0%		41100		534260		0.50		4.3%		0.0000E+00		0.0%				0.0		0%		0		0%																																																						50.182553065273694

		2009.0						304350		0.000000000		0		0.0%		44932		604758		0.50		0.3%		0.0000E+00		0.0%				0.0		0%		0		0%																																																						50.32594101083724

																																																				0.E+00
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Here's the profitabily problem in chips.  Since 1995, ASPs have been on a steady decline
(all Semiconducor, including discretes).

Average Semiconductor Prices (in $)

Average Price-per-Chip



1 PPT

		Year		VLSI R Total Number of Transistors		World Motor Vehicle Production

				Units		Units		M Units

								10.2

		1955.0		3.20E+06		1.37E+07		13.7

		1956.0		6.26E+06		1.17E+07		11.7

		1957.0		9.38E+07		1.25E+07		12.5

		1958.0		1.21E+08		1.14E+07		11.4

		1959.0		2.13E+08		1.39E+07		13.9

		1960.0		3.16E+08		1.64E+07		16.4

		1961.0		4.46E+08		1.52E+07		15.2

		1962.0		9.36E+08		1.82E+07		18.2

		1963.0		1.32E+09		2.07E+07		20.7

		1964.0		1.66E+09		2.20E+07		22.0

		1965.0		2.45E+09		2.46E+07		24.6

		1966.0		7.01E+09		2.50E+07		25.0

		1967.0		2.42E+10		2.42E+07		24.2

		1968.0		8.65E+10		2.86E+07		28.6

		1969.0		3.58E+11		3.00E+07		30.0

		1970.0		9.07E+11		2.97E+07		29.7

		1971.0		1.29E+12		3.37E+07		33.7

		1972.0		1.90E+12		3.57E+07		35.7

		1973.0		4.08E+12		3.92E+07		39.2

		1974.0		6.71E+12		3.50E+07		35.0

		1975.0		6.19E+12		3.33E+07		33.3

		1976.0		9.16E+12		3.86E+07		38.6

		1977.0		1.36E+13		4.12E+07		41.2

		1978.0		2.01E+13		4.26E+07		42.6

		1979.0		3.82E+13		4.19E+07		41.9

		1980.0		5.55E+13		3.87E+07		38.7

		1981.0		9.76E+13		3.76E+07		37.6

		1982.0		9.67E+13		3.61E+07		36.1

		1983.0		1.43E+14		3.98E+07		39.8

		1984.0		2.39E+14		4.21E+07		42.1

		1985.0		2.50E+14		4.48E+07		44.8

		1986.0		3.36E+14		4.53E+07		45.3

		1987.0		6.21E+14		4.59E+07		45.9

		1988.0		1.01E+15		4.82E+07		48.2

		1989.0		1.55E+15		4.90E+07		49.0

		1990.0		2.08E+15		4.84E+07		48.4

		1991.0		3.00E+15		4.65E+07		46.5

		1992.0		4.90E+15		4.76E+07		47.6

		1993.0		6.81E+15		4.64E+07		46.4

		1994.0		1.15E+16		4.97E+07		49.7

		1995.0		1.97E+16		4.99E+07		49.9

		1996.0		2.91E+16		5.25E+07		52.5

		1997.0		5.59E+16		5.42E+07		54.2

		1998.0		1.02E+17		5.35E+07		53.5

		1999.0		1.59E+17		5.57E+07		55.7

		2000.0		2.92E+17		5.74E+07		57.4

		2001.0		3.47E+17		5.63E+07		56.3

		2002.0		5.53E+17		5.83E+07		58.3

		2003.0		8.57E+17		6.07E+07		60.7

		2004.0		1.15E+18		6.37E+07		63.7

		2005.0		1.78E+18		0.00E+00

		2006.0		1.64E+07		0.00E+00

		2007.0		0.00E+00		0.00E+00

		2008.0		0.00E+00		0.00E+00

		2009.0		0.00E+00		0.00E+00
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Transistor Production

World Motor Vehicle Production

Unitss

Worldwide Transistor Production



DiffRte

		

		Year		Average Price Per Transistor		Growth

				(Nano-$)

		1947.0

		1954.0		5515915658

		1955.0		4764389874		-13.6%

		1956.0		4126301944		-13.4%

		1957.0		3445674819		-16.5%

		1958.0		3403135624		-1.2%

		1959.0		3597366557		5.7%

		1960.0		2752238163		-23.5%

		1961.0		1881241840		-31.6%

		1962.0		1689134864		-10.2%

		1963.0		1471319587		-12.9%

		1964.0		1336458146		-9.2%

		1965.0		790997826		-40.8%

		1966.0		369898126		-53.2%

		1967.0		101254746		-72.6%

		1968.0		30039416		-70.3%

		1969.0		8555719		-71.5%

		1970.0		3606948		-57.8%

		1971.0		2399607		-33.5%

		1972.0		2263069		-5.7%

		1973.0		2010316		-11.2%

		1974.0		1678944		-16.5%

		1975.0		905840		-46.0%

		1976.0		789998		-12.8%

		1977.0		616331		-22.0%

		1978.0		535143		-13.2%

		1979.0		454580		-15.1%

		1980.0		412257		-9.3%

		1981.0		303207		-26.5%

		1982.0		202897		-33.1%

		1983.0		170129		-16.2%

		1984.0		147100		-13.5%

		1985.0		123619		-16.0%

		1986.0		115041		-6.9%

		1987.0		70231		-39.0%

		1988.0		56480		-19.6%

		1989.0		39888		-29.4%

		1990.0		30284		-24.1%

		1991.0		21948		-27.5%

		1992.0		14217		-35.2%

		1993.0		12729		-10.5%

		1994.0		9648		-24.2%

		1995.0		7808		-19.1%

		1996.0		4771		-38.9%

		1997.0		2524		-47.1%

		1998.0		1239		-50.9%

		1999.0		938		-24.3%

		2000.0		700		-25.4%

		2001.0		401		-42.8%

		2002.0		254		-36.5%

		2003.0		194		-23.7%

		2004.0		185		-4.8%

		2005.0		130		-29.6%

		2006.0		72		-44.8%

		2007.0		0		0.0%

		2008.0		0		0.0%

		2009.0		0		0.0%



RESTRICTED DATA: for access and use only within your company, as per your company's agreement with VLSI Research Inc.  
Copyright © 2005 by VLSI Research Inc.
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Integrated Circuit Invented

Moore's first paper

Moore's second paper

Average Price Per Transistor for all Semiconductors
(in Nanodollars)

Moore's 
"No Exponential Lasts Forever" paper



FORDARCH

		

																																										TCI		30509.02

				DIFFUSION RATES

		YEAR		IC ONLY

				EQPT INTO		SEMI		ELECTRONICS

				SEMI

				($M)		($M)		($M)

		1960		28		758		16558

		1961		34		839		19338

		1962		42		977		22125

		1963		61		1298		24445

		1964		79		1569		25942

		1965		105		1942		28847

		1966		165		2594		33422

		1967		108		2452		36127

		1968		105		2597		38268

		1969		162		3062		43900

		1970		255		3270		43050

		1971		186		3085		45926

		1972		261		4309		55268

		1973		348		5669		73260

		1974		386		7012		87950

		1975		272		5603		90020

		1976		477		7237		95000

		1977		645		8362		99700

		1978		925		10753		122200

		1979		1477		13528		146300

		1980		2228		18170		173400

		1981		2442		19792		214500

		1982		2740		19615		269008

		1983		3777		24359		311021

		1984		6222		35097		359022

		1985		5747		30959		374288

		1986		5063		38707		407127

		1987		5559		43618		462721

		1988		8106		57140		512863

		1989		9308		61924		557741

		1990		9778		62953		591594

		1991		10430		65849		600323

		1992		10045		69603		624247

		1993		12641		86741		660576

		1994		18847		111167		715027

		1995		30550		153570		777210

		1996		34867		138894		832754

		1997		34694		141186		892169

		1998		26069		126151		945021

		1999		32131		149379		1042163

		2000		55814		204394		1188590

		2001		35465		138963		1093968

		2002		26749		140719		1029581

		2003		29246		166426		1109888

		2004P		45202		213027		1261842

		2005F†		46980		231969		1385843
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Chips and Equipment have been tracking Electronics growth rates since 1995, albeit with higher volatility.

Electronics

Chips

Chip Equipment

(Revenues in $M)

Hi-Tech Revenues Worldwide



Tran Prod

		Filename: M:\109sciam\FORDARCH.WK1

		Ford Motor Co. Archives, Dearborn, MI

		FY Year Ending Sept 30

		Year		Average		Average		Average		1000		Cars Sold

				Price		Cost		Profit

		1904		506.75		394.48		112.27		1.708		1708

		1905		845.10		715.55		129.55		1.695		1695

		1906		760.72		685.62		75.10		1.599		1599

		1907		593.71		473.20		120.51		8.423		8423

		1908		574.85		410.01		164.84		6.398		6398

		1909		650.86		446.83		204.03		10.607		10607

		1910		784.36		504.25		280.11		18.664		18664

		1911		575.37		415.71		159.66		34.528		34528

		1912		445.35		308.50		136.85		78.44		78440

		1913		361.72		242.61		119.11		168.304		168304

		1914		341.21		241.60		99.61		248.307		248307

		1915		354.08		246.22		107.86		288.728		288728

		1916		345.75		237.67		108.08		472.35		472350

		1917		287.28		246.06		41.22		730.041		730041

		1918		241.81		204.96		36.85		656.165		656165

		1919		384.00		296.14		87.86		487.802		487802

		1920		407.19		320.86		86.33		635.226		635226

		1921		412.46		309.05		103.41		690.755		690755

		1922		442.75		343.03		99.72		933.72		933720



Here, the blue line that matches long-term electronics growth has been copied and overlaid on the  Chips and Equipment  Revenue lines.  Note how they  appear to have reached saturation.  After 8 years of tracking electronics, it is safe to say that a new and slower growth trend has emerged for Chips and Equipment.

So far, the trend in volatility has been to grow.  The reason is that companies have been running a strategy of market share rather than profits.     - - Dan
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Average Price

Average Cost

Average Profit

YEAR

DOLLARS PER UNIT SOLD

FORD MOTOR COMPANY'S EQUIVALENT TO MOORE'S LAW
(the early years of the auto industry)



		



Source: Ford Motor Co. Archives, Dearborn, MI
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Source: Semiconductor Industry Association

Year

Worldwide Transistor Production in Units

World Wide Transistor Production
(Merchant Producers only)
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• Even Gordon had faith in optical

• Despite repeated predictions of its demise,  
optical lithography is still here.

Moore’s Wall: 
We can’t shrink anymore

“It is worth noting that this density of 
components can be achieved by present
optical techniques and does not require
the more exotic electron beam operations
which are being studied for the possibility
of making even smaller structures . . .
for “Transistors on 2 mil centers.” 

– Gordon Moore, Electronics, 1965



Copyright © 2006 VLSI Research Inc  All Rights Reserved                                                                  19

No one can predict it, but we have always 
found a way around it.

What does Gordon have to say about 
when Moore’s wall will appear?
“Who knows?  I used to argue that we would 
never get the gate oxide thickness below 1000 
angstroms and then later 100.  Now we’re below 
10 and we’ve demonstrated 30nm gate lengths.  
We can build them in the 1000’s.  But the real 
difficulty will be in figuring out how to uniformly 
build tens of millions of these transistors and 
wire them together in one chip.”

– Gordon Moore in The Chip Insider, May 25, 2001



Copyright © 2006 VLSI Research Inc  All Rights Reserved                                                                  20

• CMOS wasn’t the beginning
– Point Contact, Mesa, NPN, PNP, DMOS, PMOS, 

NMOS preceded it.
• CMOS won’t be the end

– Spintronics, carbon nanotubes, nanowire

• There’s still plenty of room left at the bottom.

• But, lithography may have to get replaced with 
self-assembly.

CMOS doesn’t work anymore



Copyright © 2006 VLSI Research Inc  All Rights Reserved                                                                  21

• It is generally accepted that cost-per-
function needs to decline by 30% per node.

• That allows the manufacturing cost per unit 
area of silicon to rise by 40% per node.
– It’s simple math.

Fabs too expensive
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Fab costs came down with the dotcom crash.  The shift to 40K WSM 
fabs doubled costs.  Otherwise, 300mm costs little more than 200mm.

History of Average Cost to Build & Equip a Wafer Fab
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Moore's 2nd Law: Fact of Fiction?
First published back in the '80's by VLSI, this chart w as used 
then to show  the tendency of fab costs to double every tw o 

nodes.  The trend w as f irst named "Hutcheson's Law " in 
1989 by Hartw ig Ruell of Siemens; then "Rock's Law " in 1994 
by Ken Thompson of Intel; and f inally "Moore's 2nd Law " by 
Business Week in 1996.  In the early nineties, VLSI predicted 

that this trend w ould plateau, w hich happened.  Ironically, 
Moore's Second Law  gained mythological status just as it 

w as dieing.  More recently it has risen w ith the introduction 
of 300mm.
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Moore's 2nd Law: Fact of Fiction?
First published back in the '80's by VLSI, this chart was used then to show the tendency of fab costs to double every two nodes.  The trend was first named "Hutcheson's Law" in 1989 by Hartwig Ruell of Siemens; then "Rock's Law" in 1994 by Ken Thompson of Intel; and finally "Moore's 2nd Law" by Business Week in 1996.  In the early nineties, VLSI predicted that this trend would plateau, which happened.  Ironically, Moore's Second Law gained mythological status just as it was dieing.  More recently it has risen with the introduction of 300mm.
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History of Average Cost to Build & Equip a Wafer Fab
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F 1 Moore's Law

		YEAR						TRANSISTORS										INITIAL		TRANSISTORS		K Trans																																																				Annual Shrinkage						TRANSISTORS

		IN						(K)										AREA		(K)		Per																																																										(Average, K)

		PRODUCTION		YEAR		Early IC'S		MPU's		DRAM's								MM^2				CM^2																																																				Average		MPU		DRAM				MPU		DRAM

		Jan-59		1959		0.001																																																																		1959.0								0.001

				1960																																																																				1960.0

				1961																																																																				1961.0

		Dec-61		1962		0.007						2.8																				6.964404506368992																																								1962.0		91%						0.007

		Jan-63		1963		0.017						4.1																				17.148375400580683																																								1963.0		143%						0.017

		Jun-64		1964		0.028						4.8																				27.857618025475972																																								1964.0		65%						0.028

		Feb-65		1965		0.06						5.9																				59.7141114583557																																								1965.0		114%						0.06

				1966																																																																				1966.0

				1967																																																																				1967.0

				1968																																																																				1968.0

				1969																																																																				1969.0

				1970		2.048																																																																		1970.0		103%						2.048

		Nov-1971		1971				2.3		3.8		4004.0				4004.0		18		2		0.0013												1971		1972		1974		1976		1978		1979		1981		1982		1984		1985		1987		1989		1990		1993		1993		1995		1995		1996		1997		1971.0		49%		12%		86%				2.3		3.8

		Feb-1972		1972				4.0				6800.0																						2.3		4.0		6.0				28.0		68.0				134.0		190.0		275.0		273.0		1200.0		1170.0		3300.0		2800.0		5500.0		3600.0		6900.0		15950.0		1972.0		74%		74%						4.0

				1973																																																																				1973.0

		Apr-1974		1974				6.0		10.0		8080.0				8080.0		40		6		0.0015												3.8				10.0		36.0						104.0						297.0				1180.0				4700.0								19000.0		76000.0		1974.0		30%		22%		38%				6.0		10.0

				1975																																																																				1975.0

		Jan-1976		1976						36.0																																																														1976.0		90%				90%						36.0

				1977																																																																				1977.0

		Jun-1978		1978				28.0				8086.0				8086.0		72		28		0.0039																																																		1978.0		47%		47%						28.0

		Jul-1979		1979				68.0				68000.0																																																												1979.0		143%		143%						68.0

				1980																																																																				1980.0

		Jan-1981		1981						104.0																																																														1981.0		24%				24%						104.0

		Feb-1982		1982				134.0				286.0				286.0		90		134		0.0149																																																		1982.0		25%		25%						134.0

				1983																																																																				1983.0

		May-1984		1984				190.0				68020.0																																																												1984.0		19%		19%						190.0

		Oct-1985		1985				275.0		297.0		386DX				386.0		107		297		0.0278																																																		1985.0		37%		45%		30%				275.0		297.0

				1986																																																																				1986.0

		Mar-1987		1987				273.0				68030.0																																																												1987.0

				1988																																																																				1988.0

		Apr-1989		1989				1200.0		1180.0		486DX				486DX2		168		1200		0.0714																																																		1989.0		43%		45%		41%				1200.0		1180.0

		Nov-1990		1990				1170.0				68040.0																																																												1990.0

				1991																												Also:																																								1991.0

				1992												Pentium		294		3300		0.1122																																																		1992.0

		Mar-1993		1993				3300.0		4700.0		Pentium																				Nov-1993		PwrPC601		2800.0																																				1993.0		35%		29%		41%				3300.0		4700.0

				1994												P Pro		309		5500		0.1783																																																		1994.0

		Nov-1995		1995				5500.0				Pentium Pro				P3		217		15950		0.7350										Dec-1995		PwrPC604		3600.0																																				1995.0		29%		29%						5500.0

		Dec-1996		1996				6900.0		19000.0		PwrPC620																																																												1996.0		42%		25%		59%				6900.0		19000.0

				1997				7500.0				Pentium III																																																												1997.0

		Dec-1998		1998				15950.0		76000.0		Pentium III				P4		243		49000		2.0146																																																		1998.0		76%		52%		100%				15950.0		76000.0

		Dec-1999		1999				24000.0				Pentium III				Itanium - 2		465		221000		4.7527																																																		1999.0						-100%						0.0

				2000						152000.0						Itanium - 3		374		410000		10.9626																																																		2000.0

		Jan-2001		2001				42000.0				Pentium 4																																																												2001.0		-31%		38%		-100%				42000.0		0.0

				2001

				2002				55000.0		304100.0		Pentium 4

				2003

				2004

				2005				1700000.0		608200.0		Intel Montecito

		YEAR						TRANSISTORS

		IN						(K)				DRAM																																																												Average Annual Reduction Rate

		PRODUCTION																																																																						1959-1965		103%

																																																																								1966-1975		69%		36%		71%

		Jan-1971						3.8				1K																						0.0		1.0																																				1976-1985		55%		56%		48%

		Jun-1974						10.0				4K																						2.0		4.0																																				1986-1995		37%		32%		47%

		Jan-1976						36.0				16K																						4.0		16.0																																				1996-2001		29%		39%		-10%

		Jan-1981						104.0				64K																						6.0		64.0																																				1976-2001		45%		45%		21%

		Jan-1985						297.0				256K																						8.0		256.0																																				Average Months to Double Device Complexity

		Aug-1989						1180.0				1M																				1.15234375		10.0		1024.0																																				1959-1965		12

		Feb-1993						4700.0				4M																				1.1474609375		12.0		4096.0																																				1966-1975		17		33		17

		Sep-1996						19000.0				16M																				1.15966796875		14.0		16384.0																																				1976-1985		22		22		25

		Dec-1998						76000.0				64M																				1.15966796875				65536.0																																				1986-1995		32		38		25

		Jan-2000						152000.0				128M																				1.1598587036132812				131072.0																																				1996-2001		41		31		-118

		Jan-2002						304100.0				256M																				1.1600494384765625				262144.0																																				1976-2001		27		27		58

		Jan-2005						608200.0				512M																				1.1600494384765625				524288.0																																				1976-2001		0		0		0



8088 was introduced in 79.  The difference was that it was an 8 bit MPU instead of a 16 bit.  According to Howard High at Intel.  The total # of transistors was roughly the same and the speed was the same for both chips. -- GDH 3/31/97

G. Dan Hutcheson:
Gordon Moore's Paper in 1965.   With the exception of 1959's Transistor, all through 65 are bipolar logic. -- gdh 2/3/02

Source Intel.

G. Dan Hutcheson:
Gordon Moore's Paper in 1965.   With the exception of 1959's Transistor, all through 65 are bipolar logic. -- gdh 2/3/02

G. Dan Hutcheson:
Gordon Moore's Paper in 1965.   With the exception of 1959's Transistor, all through 65 are bipolar logic. -- gdh 2/3/02

G. Dan Hutcheson:
Gordon Moore's Paper in 1965.   With the exception of 1959's Transistor, all through 65 are bipolar logic. -- gdh 2/3/02

G. Dan Hutcheson:
Gordon Moore's Paper in 1965.   With the exception of 1959's Transistor, all through 65 are bipolar logic. -- gdh 2/3/02

Source Intel for their MPU's  Motorola MPUs come from them.
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F 2 CD's

								Annual		Annual						Quoted		Wafer		Pixels		Avg Trans		Leading Edge				nanometer		1/1000000000		1.0E-9

								Linear		Areal		Lithography				Throughput		Size		Per		Per		Trans Per		Efficiency

		CD (mils)		YEAR		CD (nm)		Shrink (%)		Shrink (%)		Method								Sq CM		Sq CM		Sq CM																												YEAR		CD		Lithography Technology		Etch

																				(M)		(M)		(M)		Pxls/Trans																												(microns)

		10		1957		254000						Camel's Hair Brush, Hand Painting				2				0.002																																1957.0		254.000		Camel's Hair Brush, Hand Painting		Wet

		5		1958		127000		50%		75%		Silk Screen Printer		1958.0		10				0.006																																1958.0		127.000		Silk Screen Printer

		3		1959		76200		40%		64%		Contact Printer W/Emulsion Plates								0.02																																1959.0		76.200		Contact Printer W/Emulsion Plates

		2		1960		50800		33%		56%		Contact Printer W/Emulsion Plates								0.04																																1964.0		16.000		Contact Printer W/Chrome Plates

				1961																																																1972.0		8.000		Proximity Aligner

		1		1962		25400		29%		50%		Contact Printer W/Emulsion Plates								0.16																																1974.0		5.000		Projection Aligner		Barrel Plasma

		CD (microns)		1963																																																1982.0		2.000		g-line Stepper		Planar Plasma

		16		1964		16000		21%		37%		Contact Printer W/Chrome Plates								0.39																																1984.0		1.500				Reactive Ion Etching

				1965																		0.00004																														1988.0		1.000				High Density Plasma

				1966																		0.00006																														1990.0		0.800		i-line Stepper

				1967																		0.00006																														1997.0		0.250		248nm Scanner

				1968																		0.00015																														2003.0		0.090		193nm Scanner

		10		1969		10000		9%		17%		Contact Printer W/Chrome Plates								1		0.00053				1888

				1970																		0.00094

				1971																		0.00123

		8		1972		8000		7%		14%		Proximity Aligner				30				2		0.00144				1088

				1973																		0.00219

		5		1974		5000		21%		38%		Projection Aligner				30				4		0.00324				1236

				1975																		0.00303

		4		1976		4000		11%		20%		Projection Aligner				60				6		0.00303				2061

				1977																		0.00390

				1978																		0.00512

		3		1979		3000		9%		17%		Projection Aligner				120				11		0.00771				1442

		0		1980																		0.01005

				1981																		0.01924

		2.0		1982		2000		13%		24%		g-line Stepper				60				25		0.01881				1329

				1983																		0.02329

		1.50		1984		1500		13%		25%		g-line Stepper				90				44		0.02540				1750

				1985																		0.03794

		1.3		1986		1250		9%		17%		g-line Stepper								64		0.04249				1506

				1987																		0.06230

		1.0		1988		1000		11%		20%		g-line Stepper								100		0.08675				1153

				1989																		0.12350

		0.8		1990		800		11%		20%		i-line Stepper								156		0.15064				1037

				1991																		0.22772

				1992																		0.38828

		0.60		1993		600		9%		17%		i-line Stepper				100				278		0.45275				614

				1994																		0.65179

		0.35		1995		350		24%		42%		i-line Stepper				100				816		0.89016				917

				1996																		1.25197

		0.25		1997		250		15%		29%		248nm Scanner				100				1600		2.20782				725

				1998																		3.79873

				1999		180		15%		28%		248nm Scanner				100				3086		6.10646				505

				2000																		10.27335

		0.13		2001		130		15%		28%		248nm Scanner				100				5917		14.41800				410

				2002																		20.51710

				2003		90		17%		31%		193nm Scanner				125				12346		29.07754				425

				2004																		34.21467

				2005		65		15%		28%		193nm Scanner				150				23669		51.34984				461

		Average Annual Areal CD Reduction Rate

		1959-1965		52%

		1966-1975		22%

		1976-1985		22%

		1986-1995		23%

		1995-2001		28%

		1976-2001		24%

		Average Months to Double Device Complexity

		1959-1965		23

		1966-1975		54

		1976-1985		56

		1986-1995		52

		1991-2001		43

		1976-2001		50



Figure 1

Early IC'S

MPU's

DRAM's

Year

Components (K)

Moore's Law: Still going strong after 40 years.
(April 19, 1965 to 2005)



F 2 CD's

		



CD (nm)

Year
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(in nanometers)



F 3 averages

														Areal														Wafer

				Integration		Areal		Die Area				Yield		Reduction								Yield						Area

				Growth		Reduction		Increase				Reduction		as a % of total								Reduction

																										1965.0		285				19.049999999999997

		Average Annual Reduction Rate																								1968.0		506		-21%		25.4

		1959-1965		103%		52%		0%				0%		50%						1965.0		20.0				1970.0		791		-25%		31.75

		1966-1975		69%		22%		16%				6%		32%						1972.0		30.0		-6%		1975.0		3165		-32%		63.5

		1976-1985		55%		22%		13%				4%		39%						1980.0		40.0		-4%		1978.0		4558		-13%		76.19999999999999

		1986-1995		37%		23%		13%				4%		62%						1990.0		60.0		-4%		1982.0		7850		-15%		100.0

		1995-2001		29%		28%		2%				4%		97%						2000.0		85.0		-4%		1985.0		12266		-16%		125.0

		1976-2001		45%		24%		9%				4%		54%						1976-2001						1988.0		17663		-13%		150.0

																										1994.0		31400		-10%		200.0

		Average Months to Double Device Complexity

		1959-1965		12		23																Die				Die

		1966-1975		17		54																Area				Area

		1976-1985		22		56																K sq mils				K sq mils

		1986-1995		32		52

		1991-2001		41		43														1959.0		2.0				2.0

		1976-2001		27		50														1962.0		2.0		0%		2.0

																Die				1964.0		6.0		-73%		6.0

																area				1969.0		12.0		-15%		12.0

																MM^2				1970.0		14.0		-17%		14.0

												4004.0		1971.0		18				1972.0		16.0		-7%		16.0

												8080.0		1974.0		40		-30%		1975.0		32.0		-26%		32.0		178.88543819998318		0.7042733787400913		0.4960009920019841

												8086.0		1978.0		72				1978.0				-16%

												286.0		1982.0		90				1982.0				-6%

												386.0		1985.0		107				1985.0				-6%

												486DX2		1989.0		168				1989.0				-12%

												Pentium		1993.0		294				1993.0				-15%

												P Pro		1995.0		309				1995.0				-2%



Source: Intel, Joann Hasegawa

8088 was introduced in 79.  The difference was that it was an 8 bit MPU instead of a 16 bit.  According to Howard High at Intel.  The total # of transistors was roughly the same and the speed was the same for both chips. -- GDH 3/31/97



DRAM Prc-p-bit

		DRAM MARKET HISTORY

		YEAR		UNITS SHIPPED		BITS		SALES ($)				YEAR		PRICE PER GIGABIT ($)		PRICE PER BIT (Nano-$)		TRANSISTORS (tera-units)		PRICE PER TRANSISTOR (micro-$)				SHIPMENTS (M units)		TERABITS						SALES ($B)		REAL SALES (1971 $B)

		1971		1.00E+06		1.02E+09		1.30E+07				1971		12695313		12695312.50		0.0		4231.771				1.0		0.0				1971.0		0.013		0

		1972		4.00E+06		4.10E+09		3.90E+07				1972		9521484		9521484.38		0.0		3173.828				4.0		0.0				1972.0		0.039		0

		1973		8.00E+06		8.19E+09		6.00E+07				1973		7324219		7324218.75		0.0		2441.406				8.0		0.0				1973.0		0.060		0

		1974		1.80E+07		2.15E+10		9.70E+07				1974		4510789		4510788.69		0.1		1605.535				18.0		0.0				1974.0		0.097		0

		1975		2.50E+07		4.10E+10		1.15E+08				1975		2807617		2807617.19		0.1		1123.047				25.0		0.0				1975.0		0.115		1

		1976		4.25E+07		1.37E+11		2.05E+08				1976		1493995		1493994.87		0.3		730.640				42.5		0.1				1976.0		0.205		2

		1977		4.93E+07		1.86E+11		2.64E+08				1977		1422022		1422021.51		0.4		749.673				49.3		0.2				1977.0		0.264		2

		1978		1.07E+08		6.43E+11		3.76E+08				1978		585066		585066.12		1.0		384.570				107.1		0.6				1978.0		0.376		8

		1979		1.47E+08		1.48E+12		4.38E+08				1979		295805		295805.24		1.8		247.245				147.0		1.5				1979.0		0.438		19

		1980		2.34E+08		3.38E+12		5.69E+08				1980		168536		168536.26		3.5		161.202				234.0		3.4				1980.0		0.569		43

		1981		2.41E+08		3.99E+12		6.30E+08				1981		157955		157954.91		4.1		154.388				241.0		4.0				1981.0		0.630		51

		1982		3.18E+08		9.45E+12		8.80E+08				1982		93157		93157.18		9.5		92.575				318.0		9.4				1982.0		0.880		120

		1983		5.99E+08		2.83E+13		1.32E+09				1983		46490		46489.86		28.4		46.429				598.8		28.3				1983.0		1.317		360

		1984		9.71E+08		6.40E+13		3.62E+09				1984		56554		56554.27		64.0		56.536				971.0		64.0				1984.0		3.620		813

		1985		7.52E+08		8.95E+13		1.50E+09				1985		16720		16719.96		89.5		16.719				752.0		89.5				1985.0		1.496		1136

		1986		8.49E+08		1.45E+14		1.53E+09				1986		10572		10572.01		144.7		10.572				849.1		144.7				1986.0		1.529		1837

		1987		8.49E+08		2.15E+14		2.36E+09				1987		10981		10980.78		214.8		10.981				849.0		214.8				1987.0		2.359		2728

		1988		1.18E+09		3.38E+14		6.39E+09				1988		18917		18917.26		337.8		18.917				1176.0		337.8				1988.0		6.390		4288

		1989		1.23E+09		6.10E+14		8.44E+09				1989		13837		13836.91		610.0		13.837				1227.6		610.0				1989.0		8.441		7745

		1990		1.32E+09		9.39E+14		6.36E+09				1990		6772		6772.14		938.6		6.772				1315.1		938.6				1990.0		6.356		11916

		1991		1.27E+09		1.56E+15		6.60E+09				1991		4243		4243.48		1556.5		4.243				1274.2		1556.5				1991.0		6.605		19760

		1992		1.49E+09		2.91E+15		8.52E+09				1992		2929		2929.42		2909.4		2.929				1493.4		2909.4				1992.0		8.523		36936

		1993		1.50E+09		4.23E+15		1.31E+10				1993		3109		3108.68		4227.0		3.109				1499.4		4227.0				1993.0		13.140		53663

		1994		1.95E+09		8.28E+15		2.34E+10				1994		2827		2827.10		8283.2		2.827				1947.2		8283.2				1994.0		23.417		105157

		1995		2.52E+09		1.41E+16		4.08E+10				1995		2898		2898.33		14088.4		2.898				2515.4		14088.4				1995.0		40.833		178856

		1996		2.78E+09		2.42E+16		2.51E+10				1996		1040		1040.25		24159.8		1.040				2782.8		24159.8				1996.0		25.132		306716

		1997		3.37E+09		4.57E+16		1.98E+10				1997		433		433.45		46280.8		0.428				3367.8		45675.3				1997.0		19.798		579863

		1998		3.42E+09		8.04E+16		1.40E+10				1998		174		174.29		89881.7		0.156				3419.9		80389.0				1998.0		14.011		1020564

		1999		3.04E+09		1.41E+17		2.07E+10				1999		147		147.13		140785.0		0.147				3043.6		140785.0				1999.0		20.71		1787309

		2000		4.00E+09		2.69E+17		2.89E+10				2000		107		107.46		269005.6		0.107				3995.3		269005.6				2000.0		28.907		3415110

		2001		4.06E+09		4.17E+17		1.12E+10				2001		27		26.86		416967.3		0.027				4059.9		416967.3				2001.0		11.199		5293531

		2002		4.07E+09		5.88E+17		1.53E+10				2002		26		25.96		587509.1		0.026				4065.8		587509.1				2002.0		15.254		7458612

		2003		4.33E+09		8.37E+17		1.67E+10				2003		20		19.93		837151.8		0.020				4331.3		837151.8				2003.0		16.688		10627904

		2004		6.88E+09		1.53E+18		2.68E+10				2004		18		17.58		1527145.0		0.018				6878.2		1527145.0				2004.0		26.842		19387583

		2005		6.45E+09		2.11E+18		3.20E+10				2005		15		15.19		2106545.9		0.015				6449.2		2106545.9				2005.0		32.000		26743259

		2006		6.20E+09		3.44E+18		2.64E+10				2006		8		7.66		3443753.3		0.008				6199.1		3443753.3				2006.0		26.377		43719524
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1 Trans
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		Year		VLSI R Total Number of Transistors		REAL Semiconductor SALES (1954 $T)		Semiconductor Revenues		Average Price Per Transistor		Average Price Per Transistor		Growth		W.W. Silicon Shipped		W.W. Units Shipped		Average Price Per Unit		Growth		Average Transistors Per Unit		Growth in xistors per Unit				Average Area per Transistor		Growth		Transistors per Sq CM		Growth		Leading Edge Trans per Sq CM		Total Number of DRAM Trans		Total Number of DRAMs		DRAM Transistors per Unit		Growth in DRAM trans per Unit		Total IC Transistors		Total Number of ICs		IC Transistors per Unit		Growth in IC trans per Unit		Ratio Trans to DRAM Growth		ADJ		Total Number of Discretes				Semiconductor Revenues		Total Number of Transistors		Average Price Per Transistor		Average Price Per Transistor								% of xistors Germanium		Germanium Transistors		Silicon Transistors		Total Transistors		ICs				Average Price Per Unit

								(ww in $M)		($)		(Nano-$)				(MCM^2)		(M Units)												Square Microns										(Units)		(Units)		(Units)						(M Units)										(M Units)				(ww in $M)		(Units)		($)		(Micro-$)										(MU)		(MU)		(MU)		(MU)

		1947.0																																																																Invention of Transistor

		1954.0				0		7		5.515915658		5515915658																																																				5.1		1.31E+06		5.51591566		5515915.66																				0.0

		1955.0		3.20E+06		0		17		4.764389874		4764389874		-13.6%				3		5.45				1.0000E+00		0.0%																																						12.3		3.66E+06		4.76438987		4764389.87																				545.0334398093113

		1956.0		6.26E+06		0		52		4.126301944		4126301944		-13.4%				6		8.38		53.8%		1.0000E+00		0.0%																																						37.0		1.27E+07		4.12630194		4126301.94																				838.0991619707326

		1957.0		9.38E+07		0		244		3.445674819		3445674819		-16.5%				94		2.60		-69.0%		1.0000E+00		0.0%																																						172.0		7.08E+07		3.44567482		3445674.82																				260.01213901836195

		1958.0		1.21E+08		0		319		3.403135624		3403135624		-1.2%				121		2.64		1.5%		1.0000E+00		0.0%																																						225.0		9.38E+07		3.40313562		3403135.62																				263.8907897158198

		1959.0		2.13E+08		0		518		3.597366557		3597366557		5.7%				213		2.44		-7.7%		1.0000E+00		0.0%																																						389.0		1.44E+08		3.59736656		3597366.56																				243.55604125086904

		1960.0		3.16E+08		0		758		2.752238163		2752238163		-23.5%		5		316		2.40		-1.6%		1.0000E+00		0.0%				1,509,671.29				38																														650.0		2.75E+08		2.75223816		2752238.16								43.2%		119.0		8.8		127.8						239.6559271188743

		1961.0		4.46E+08		0		839		1.881241840		1881241840		-31.6%		5		356		2.36		-1.6%		1.2542E+00		25.4%				1,106,663.50		-27%		54		44%																												700.0		4.46E+08		1.88124184		1881241.84								39.9%		177.9		13.0		190.9		5.0				235.94099775095626

		1962.0		9.36E+08		0		977		1.689134864		1689134864		-10.2%		6		723		1.35		-42.7%		1.2953E+00		3.3%				654,555.59		-41%		96		77%																												700.0		5.79E+08		1.68913486		1689134.86								36.9%		213.7		26.6		240.3		10.0				135.25058246408204

		1963.0		1.32E+09		0		1298		1.471319587		1471319587		-12.9%		12		986		1.32		-2.7%		1.3377E+00		3.3%				876,226.84		34%		82		-15%																												900.0		8.82E+08		1.47131959		1471319.59								28.3%		249.4		50.6		300.0		20.0				131.61224304687263

		1964.0		1.66E+09		0		1569		1.336458146		1336458146		-9.2%		26		1203		1.30		-0.9%		1.3816E+00		3.3%				1,553,238.12		77%		49		-41%																												1000.0		1.17E+09		1.33645815		1336458.15								24.6%		288.8		118.1		406.9		51.0				130.39403911658292

		1965.0		2.45E+09		0		1942		0.790997826		790997826		-40.8%		49		1721		1.13		-13.4%		1.4269E+00		3.3%				2,013,728.21		30%		43		-12%																												1300.0		2.45E+09		0.79099783		790997.83								13.6%		333.6		274.5		608.1		94.0				112.86500106418814

		1966.0		7.01E+09		0		2594		0.369898126		369898126		-53.2%		104		2458		1.06		-6.5%		2.8537E+00		100.0%				1,476,802.13		-27%		64		50%																												1600.0		7.01E+09		0.36989813		369898.13								5.3%		368.7		487.2		855.9		173.0				105.55891799531763

		1967.0		2.42E+10		0		2452		0.101254746		101254746		-72.6%		373		2303		1.06		0.9%		1.0514E+01		268.4%				1,542,063.98		4%		64		-0%																												1600.0		2.42E+10		0.10125475		101254.75								1.1%		270.3		489.5		759.8		272.0				106.46082763991156

		1968.0		8.65E+10		0		2597		0.030039416		30039416		-70.3%		580		2667		0.97		-8.5%		3.2418E+01		208.3%				671,211.27		-56%		149		132%																												1700.0		8.65E+10		0.03003942		30039.42								0.2%		199.3		684.1		883.4		367.0				97.38074378708393

		1969.0		3.58E+11		2		3062		0.008555719		8555719		-71.5%		676		3566		0.86		-11.8%		1.0035E+02		209.5%				188,805.27		-72%		530		256%																												2300.0		3.58E+11		0.00855572		8555.72																				85.85548427618744

		1970.0		9.07E+11		5		3270		0.003606948		3606948		-57.8%		960		3133		1.04		21.6%		2.8937E+02		188.4%				105,837.99		-44%		945		78%		1																										2350.0		9.07E+11		0.00360695		3606.95																				104.37280561761891

		1971.0		1.29E+12		7		3085		0.002399607		2399607		-33.5%		1042		2803		1.10		5.4%		4.5863E+02		58.5%				81071.5		-23%		1233		31%				3072000000		1000000		3072																						1.29E+12		0.00239961		2399.61																				110.05279680365298

		1972.0		1.90E+12		11		4309		0.002263069		2263069		-5.7%		1326		3539		1.22		10.6%		5.3796E+02		17.3%				69658.2		-14%		1436		16%				12288000000		4000000		3072		0.0%																				1.90E+12		0.00226307		2263.07																				121.74379838390688

		1973.0		4.08E+12		16		5669		0.002010316		2010316		-11.2%		1865		7083		0.80		-34.3%		5.7534E+02		6.9%				45765.2		-34%		2185		52%		2		24576000000		8000000		3072		0.0%																				2.82E+12		0.00201032		2010.32																				80.03783760888902

		1974.0		6.71E+12		23		7012		0.001678944		1678944		-16.5%		2072		11102		0.63		-21.1%		6.0410E+02		5.0%				30892.1		-32%		3237		48%				60416000000		18000000		3356.444444		9.3%								5%		54.0%										4.18E+12		0.00167894		1678.94																				63.158084360898194

		1975.0		6.19E+12		34		5603		0.000905840		905840		-46.0%		2044		8904		0.63		-0.4%		6.9467E+02		15.0%				33038.5		7%		3027		-6%				1.024E+11		25000000		4096		22.0%								15%		68.0%										6.19E+12		0.00090584		905.84																				62.92606776653451

		1976.0		9.16E+12		51		7237		0.000789998		789998		-12.8%		3020		11344		0.64		1.4%		8.0757E+02		16.3%				32968.2		-0%		3033		0%				2.80576E+11		42500000		6601.788235		61.2%								16%		26.6%										9.16E+12		0.00079000		790.00																				63.79752638028157

		1977.0		1.36E+13		75		8362		0.000616331		616331		-22.0%		3476		12949		0.65		1.2%		1.0478E+03		29.7%				25620.7		-22%		3903		29%		4		3.52154E+11		49300000		7143.075051		8.2%								30%		362.8%										1.36E+13		0.00061633		616.33																				64.57641516719438

		1978.0		2.01E+13		111		10753		0.000535143		535143		-13.2%		3927		15428		0.70		7.9%		1.3024E+03		24.3%				19541.8		-24%		5117		31%				9.77715E+11		107100000		9128.993464		27.8%								24%		87.4%										2.01E+13		0.00053514		535.14																				69.69614477197895

		1979.0		3.82E+13		164		13528		0.000454580		454580		-15.1%		4955		26657		0.51		-27.2%		1.4326E+03		10.0%				12974.5		-34%		7707		51%				1.77152E+12		147000000		12051.15646		32.0%								10%		31.2%										2.98E+13		0.00045458		454.58																				50.74830110608638

		1980.0		5.55E+13		243		18170		0.000412257		412257		-9.3%		5519		37886		0.48		-5.5%		1.4641E+03		2.2%				9950.6		-23%		10050		30%				3.52973E+12		234000000		15084.30769		25.2%								2%		8.7%										4.41E+13		0.00041226		412.26																				47.96004825039526

		1981.0		9.76E+13		360		19792		0.000303207		303207		-26.5%		5074		61251		0.32		-32.6%		1.5939E+03		8.9%				5196.9		-48%		19242		91%		15		4.08064E+12		241000000		16932.11618		12.2%								9%		72.4%										6.53E+13		0.00030321		303.21																				32.31310009518259

		1982.0		9.67E+13		533		19615		0.000202897		202897		-33.1%		5139		64281		0.31		-5.6%		2.1257E+03		33.4%				5315.7		2%		18812		-2%				9.50579E+12		318000000		29892.42767		76.5%								33%		43.6%										9.67E+13		0.00020290		202.90																				30.5146023612064

		1983.0		1.43E+14		790		24359		0.000170129		170129		-16.2%		6149		60531		0.40		31.9%		2.3654E+03		11.3%				4294.4		-19%		23286		24%				2.83656E+13		598800000		47370.77355		58.5%								11%		19.3%										1.43E+14		0.00017013		170.13																				40.24164697907467

		1984.0		2.39E+14		1316		35097		0.000147100		147100		-13.5%		9394		87911		0.40		-0.8%		2.7141E+03		14.7%				3937.2		-8%		25399		9%		28		6.40369E+13		971000000		65949.3965		39.2%				29280.7				15%		37.6%										2.39E+14		0.00014710		147.10																				39.92384665696434

		1985.0		2.50E+14		1381		30959		0.000123619		123619		-16.0%		6602		86570		0.36		-10.4%		2.8929E+03		6.6%				2636.1		-33%		37935		49%				8.94812E+13		752000000		118990.9787		80.4%				23839.4				7%		8.2%										2.50E+14		0.00012362		123.62																				35.76194579389732

		1986.0		3.36E+14		1856		38707		0.000115041		115041		-6.9%		7918		97861		0.40		10.6%		3.4382E+03		18.8%				2353.4		-11%		42492		12%				1.44661E+14		849100000		170369.6733		43.2%				29496.1				19%		43.7%										3.36E+14		0.00011504		115.04																				39.55366422862448

		1987.0		6.21E+14		3426		43618		0.000070231		70231		-39.0%		9969		105573		0.41		4.5%		5.8828E+03		71.1%				1605.2		-32%		62299		47%				2.14843E+14		849000000		253054.6431		48.5%				30708.8				71%		146.5%										6.21E+14		0.00007023		70.23																				41.31562076773164

		1988.0		1.01E+15		5580		57140		0.000056480		56480		-19.6%		11662		128356		0.45		7.7%		7.8820E+03		34.0%				1152.7		-28%		86750		39%		71		3.37773E+14		1176000000		287221.551		13.5%				36763.9				34%		251.7%										1.01E+15		0.00005648		56.48																				44.51689896839455

		1989.0		1.55E+15		8563		61924		0.000039888		39888		-29.4%		12570		135536		0.46		2.6%		1.1454E+04		45.3%				809.7		-30%		123505		42%				6.10035E+14		1227600000		496933.2864		73.0%				37429.6				45%		62.1%										1.55E+15		0.00003989		39.89																				45.68826168576004

		1990.0		2.08E+15		11466		62953		0.000030284		30284		-24.1%		13799		146716		0.43		-6.1%		1.4168E+04		23.7%				663.8		-18%		150642		22%				9.3858E+14		1315100000		713695.0632		43.6%				40606.3				24%		54.3%										2.08E+15		0.00003028		30.28																				42.9078249666554

		1991.0		3.00E+15		16549		65849		0.000021948		21948		-27.5%		13175		151194		0.44		1.5%		1.9844E+04		40.1%				439.1		-34%		227719		51%		112		1.55649E+15		1274200000		1221545.367		71.2%				41716.2				40%		56.3%										3.00E+15		0.00002195		21.95																				43.552748713017415

		1992.0		4.90E+15		27004		69603		0.000014217		14217		-35.2%		12609		148264		0.47		7.8%		3.3020E+04		66.4%				257.5		-41%		388278		71%				2.90943E+15		1493445000		1948135.683		59.5%				40035.3				66%		111.6%										4.90E+15		0.00001422		14.22																				46.94505736614585

		1993.0		6.81E+15		37588		86741		0.000012729		12729		-10.5%		15051		160695		0.54		15.0%		4.2406E+04		28.4%				220.9		-14%		452747		17%		178		4.22698E+15		1499399000		2819115.485		44.7%				43274.0				28%		63.6%										6.81E+15		0.00001273		12.73																				53.97901717323995

		1994.0		1.15E+16		63557		111167		0.000009648		9648		-24.2%		17678		181549		0.61		13.4%		6.3468E+04		49.7%				153.4		-31%		651790		44%		735		8.28316E+15		1947152000		4253987.389		50.9%				44998.4				50%		97.6%										1.15E+16		0.00000965		9.65																				61.232797223516144

		1995.0		1.97E+16		108484		153570		0.000007808		7808		-19.1%		22094		223345		0.69		12.3%		8.8059E+04		38.7%				112.3		-27%		890157		37%				1.40884E+16		2515432256		5600775.711		31.7%				49075.8				39%		122.4%										1.97E+16		0.00000781		7.81																				68.75918261288655

		1996.0		2.91E+16		160584		138894		0.000004771		4771		-38.9%		23254		216743		0.64		-6.8%		1.3432E+05		52.5%				79.9		-29%		1251974		41%				2.41598E+16		2782794693		8681848.628		55.0%				48986.5				53%		95.5%										2.91E+16		0.00000477		4.77																				64.08228925433764

		1997.0		5.59E+16		308567		141186		0.000002524		2524		-47.1%		25338		257449		0.55		-14.4%		2.1729E+05		61.8%				45.3		-43%		2207822		76%		2015		4.62808E+16		3367793527		13742169.89		58.3%				59888.0				62%		106.0%										5.59E+16		0.00000252		2.52																				54.84020135002534

		1998.0		1.02E+17		561772		126151		0.000001239		1239		-50.9%		26810		257956		0.49		-10.8%		3.9482E+05		81.7%				26.3		-42%		3798728		72%		4753		8.98817E+16		3419938918		26281677.87		91.2%		1.018E+17		58955.7		2.E+06		82%		89.5%										1.02E+17		0.00000124		1.24																				48.90411579315078

		1999.0		1.59E+17		878715		149379		0.000000938		938		-24.3%		26088		299816		0.50		1.9%		5.3134E+05		34.6%				16.4		-38%		6106456		61%		10963		1.40785E+17		3043623952		46255701.69		76.0%		1.593E+17		68119.1		2.E+06		35.4%		46.5%				208883.7						1.59E+17		0.00000094		0.94																				49.8234231483237

		2000.0		2.92E+17		1610647		204394		0.000000700		700		-25.4%		28423		373357		0.55		9.9%		7.8209E+05		47.2%				9.7		-41%		10273347		68%				2.69006E+17		3995312000		67330308.5		45.6%		2.920E+17		86514.6		3.E+06		44.3%		97.3%				258987.6						2.92E+17		0.00000070		0.70																				54.74485194312469

		2001.0		3.47E+17		1912962		138963		0.000000401		401		-42.8%		24054		293834		0.47		-13.6%		1.1803E+06		50.9%				6.9		-29%		14418000		40%				4.16967E+17		4059866000		102704705.3		52.5%		3.468E+17		68546.1		5.E+06		49.9%		95.0%		96.1%		202785.5																														47.292973926187855

		2002.0		5.53E+17		3049966		140719		0.000000254		254		-36.5%		26950		335632		0.42		-11.3%		1.6475E+06		74.1%				4.9		-30%		20517099		42%				5.87509E+17		4065774000		144501181.8		40.7%		5.529E+17		78555.4		7.E+06		39.1%		96.1%		1.03		232715.3																														41.92657140622125

		2003.0		8.57E+17		4726956		166426		0.000000194		194		-23.7%		29472		366731		0.45		8.2%		2.3368E+06		41.8%				3.4		-29%		29077538		42%				8.37152E+17		4331324000		193278500.5		33.8%		8.570E+17		90290.0		9.E+06		34.8%		103.2%		1.00		247469.2																														45.38083699828741

		2004.0		1.15E+18		6357268		213027		0.000000185		185		-4.8%		33685		435253		0.49		7.9%		2.6480E+06		13.3%				2.9		-15%		34214673		18%				1.52715E+18		6878244000		222025421		14.9%		1.153E+18		105708.4		1.E+07		14.9%		100.0%		0.97		290625.4																														48.94330965995427

		2005.0		1.78E+18		9839442		231969		0.000000130		130		-29.6%		34739		452506		0.51		4.7%		3.9421E+06		48.9%				1.9		-33%		51349837		50%				2.10655E+18		6449207545		326636395.4		47.1%		1.784E+18		112465.2		2.E+07		45.5%		96.5%		1.00		299444.7																														51.263229111015065

		2006.0		2.98E+18		16430218		213779		0.000000072		72		-44.8%		35793		442980		0.48		-5.9%		6.7242E+06		70.6%				217847532891.0		11186435306070%		0		-100%				3.44375E+18		6199144759		555520705.8		70.1%		2.979E+18		110421.9		3.E+07		70.1%		100.0%		1.00		290468.6																														48.25932672248883

		2007.0						228050		0.000000000		0		0.0%		37926		473816		0.48		-0.3%		0.0000E+00		-100.0%				0.0		0%		0		-100%																																																						48.13046367549037

		2008.0						268105		0.000000000		0		0.0%		41100		534260		0.50		4.3%		0.0000E+00		0.0%				0.0		0%		0		0%																																																						50.182553065273694

		2009.0						304350		0.000000000		0		0.0%		44932		604758		0.50		0.3%		0.0000E+00		0.0%				0.0		0%		0		0%																																																						50.32594101083724

																																																				0.E+00
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Here's the profitabily problem in chips.  Since 1995, ASPs have been on a steady decline
(all Semiconducor, including discretes).

Average Semiconductor Prices (in $)

Average Price-per-Chip



1 PPT

		Year		VLSI R Total Number of Transistors		World Motor Vehicle Production

				Units		Units		M Units

								10.2

		1955.0		3.20E+06		1.37E+07		13.7

		1956.0		6.26E+06		1.17E+07		11.7

		1957.0		9.38E+07		1.25E+07		12.5

		1958.0		1.21E+08		1.14E+07		11.4

		1959.0		2.13E+08		1.39E+07		13.9

		1960.0		3.16E+08		1.64E+07		16.4

		1961.0		4.46E+08		1.52E+07		15.2

		1962.0		9.36E+08		1.82E+07		18.2

		1963.0		1.32E+09		2.07E+07		20.7

		1964.0		1.66E+09		2.20E+07		22.0

		1965.0		2.45E+09		2.46E+07		24.6

		1966.0		7.01E+09		2.50E+07		25.0

		1967.0		2.42E+10		2.42E+07		24.2

		1968.0		8.65E+10		2.86E+07		28.6

		1969.0		3.58E+11		3.00E+07		30.0

		1970.0		9.07E+11		2.97E+07		29.7

		1971.0		1.29E+12		3.37E+07		33.7

		1972.0		1.90E+12		3.57E+07		35.7

		1973.0		4.08E+12		3.92E+07		39.2

		1974.0		6.71E+12		3.50E+07		35.0

		1975.0		6.19E+12		3.33E+07		33.3

		1976.0		9.16E+12		3.86E+07		38.6

		1977.0		1.36E+13		4.12E+07		41.2

		1978.0		2.01E+13		4.26E+07		42.6

		1979.0		3.82E+13		4.19E+07		41.9

		1980.0		5.55E+13		3.87E+07		38.7

		1981.0		9.76E+13		3.76E+07		37.6

		1982.0		9.67E+13		3.61E+07		36.1

		1983.0		1.43E+14		3.98E+07		39.8

		1984.0		2.39E+14		4.21E+07		42.1

		1985.0		2.50E+14		4.48E+07		44.8

		1986.0		3.36E+14		4.53E+07		45.3

		1987.0		6.21E+14		4.59E+07		45.9

		1988.0		1.01E+15		4.82E+07		48.2

		1989.0		1.55E+15		4.90E+07		49.0

		1990.0		2.08E+15		4.84E+07		48.4

		1991.0		3.00E+15		4.65E+07		46.5

		1992.0		4.90E+15		4.76E+07		47.6

		1993.0		6.81E+15		4.64E+07		46.4

		1994.0		1.15E+16		4.97E+07		49.7

		1995.0		1.97E+16		4.99E+07		49.9

		1996.0		2.91E+16		5.25E+07		52.5

		1997.0		5.59E+16		5.42E+07		54.2

		1998.0		1.02E+17		5.35E+07		53.5

		1999.0		1.59E+17		5.57E+07		55.7

		2000.0		2.92E+17		5.74E+07		57.4

		2001.0		3.47E+17		5.63E+07		56.3

		2002.0		5.53E+17		5.83E+07		58.3

		2003.0		8.57E+17		6.07E+07		60.7

		2004.0		1.15E+18		6.37E+07		63.7

		2005.0		1.78E+18		0.00E+00

		2006.0		1.64E+07		0.00E+00

		2007.0		0.00E+00		0.00E+00

		2008.0		0.00E+00		0.00E+00

		2009.0		0.00E+00		0.00E+00
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Transistor Production

World Motor Vehicle Production

Unitss

Worldwide Transistor Production
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		Year		Average Price Per Transistor		Growth

				(Nano-$)

		1947.0

		1954.0		5515915658

		1955.0		4764389874		-13.6%

		1956.0		4126301944		-13.4%

		1957.0		3445674819		-16.5%

		1958.0		3403135624		-1.2%

		1959.0		3597366557		5.7%

		1960.0		2752238163		-23.5%

		1961.0		1881241840		-31.6%

		1962.0		1689134864		-10.2%

		1963.0		1471319587		-12.9%

		1964.0		1336458146		-9.2%

		1965.0		790997826		-40.8%

		1966.0		369898126		-53.2%

		1967.0		101254746		-72.6%

		1968.0		30039416		-70.3%

		1969.0		8555719		-71.5%

		1970.0		3606948		-57.8%

		1971.0		2399607		-33.5%

		1972.0		2263069		-5.7%

		1973.0		2010316		-11.2%

		1974.0		1678944		-16.5%

		1975.0		905840		-46.0%

		1976.0		789998		-12.8%

		1977.0		616331		-22.0%

		1978.0		535143		-13.2%

		1979.0		454580		-15.1%

		1980.0		412257		-9.3%

		1981.0		303207		-26.5%

		1982.0		202897		-33.1%

		1983.0		170129		-16.2%

		1984.0		147100		-13.5%

		1985.0		123619		-16.0%

		1986.0		115041		-6.9%

		1987.0		70231		-39.0%

		1988.0		56480		-19.6%

		1989.0		39888		-29.4%

		1990.0		30284		-24.1%

		1991.0		21948		-27.5%

		1992.0		14217		-35.2%

		1993.0		12729		-10.5%

		1994.0		9648		-24.2%

		1995.0		7808		-19.1%

		1996.0		4771		-38.9%

		1997.0		2524		-47.1%

		1998.0		1239		-50.9%

		1999.0		938		-24.3%

		2000.0		700		-25.4%

		2001.0		401		-42.8%

		2002.0		254		-36.5%

		2003.0		194		-23.7%

		2004.0		185		-4.8%

		2005.0		130		-29.6%

		2006.0		72		-44.8%

		2007.0		0		0.0%

		2008.0		0		0.0%

		2009.0		0		0.0%



RESTRICTED DATA: for access and use only within your company, as per your company's agreement with VLSI Research Inc.  
Copyright © 2005 by VLSI Research Inc.
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Integrated Circuit Invented

Moore's first paper

Moore's second paper

Average Price Per Transistor for all Semiconductors
(in Nanodollars)

Moore's 
"No Exponential Lasts Forever" paper

Moore's 
"But, Forever can be Postponed"
 paper

First Commercial IC's sold
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																																										TCI		30509.02

				DIFFUSION RATES

		YEAR		IC ONLY

				EQPT INTO		SEMI		ELECTRONICS

				SEMI

				($M)		($M)		($M)

		1960		28		758		16558

		1961		34		839		19338

		1962		42		977		22125

		1963		61		1298		24445

		1964		79		1569		25942

		1965		105		1942		28847

		1966		165		2594		33422

		1967		108		2452		36127

		1968		105		2597		38268

		1969		162		3062		43900

		1970		255		3270		43050

		1971		186		3085		45926

		1972		261		4309		55268

		1973		348		5669		73260

		1974		386		7012		87950

		1975		272		5603		90020

		1976		477		7237		95000

		1977		645		8362		99700

		1978		925		10753		122200

		1979		1477		13528		146300

		1980		2228		18170		173400

		1981		2442		19792		214500

		1982		2740		19615		269008

		1983		3777		24359		311021

		1984		6222		35097		359022

		1985		5747		30959		374288

		1986		5063		38707		407127

		1987		5559		43618		462721

		1988		8106		57140		512863

		1989		9308		61924		557741

		1990		9778		62953		591594

		1991		10430		65849		600323

		1992		10045		69603		624247

		1993		12641		86741		660576

		1994		18847		111167		715027

		1995		30550		153570		777210

		1996		34867		138894		832754

		1997		34694		141186		892169

		1998		26069		126151		945021

		1999		32131		149379		1042163

		2000		55814		204394		1188590

		2001		35465		138963		1093968

		2002		26749		140719		1029581

		2003		29246		166426		1109888

		2004P		45202		213027		1261842

		2005F†		46980		231969		1385843
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Chips and Equipment have been tracking Electronics growth rates since 1995, albeit with higher volatility.

Electronics

Chips

Chip Equipment

(Revenues in $M)

Hi-Tech Revenues Worldwide
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																								Last Update:				27-Mar-03		TCI		30327.03

		Year		Cost				Wafer Size		WSM

								(mm)		K

		1965.0

		1966.0		3				51		4

		1967.0

		1968.0

		1969.0

		1970.0

		1971.0		4				76		4

		1972.0

		1973.0

		1974.0

		1975.0

		1976.0

		1977.0		9				102		11

		1978.0

		1979.0

		1980.0		25				102		11

		1981.0

		1982.0		50				102		11

		1983.0

		1984.0

		1985.0		100				125		22

		1986.0

		1987.0

		1988.0		300				150		22

		1989.0

		1990.0

		1991.0		650				150		20

		1992.0		700				150		20

		1993.0		925				200		20

		1994.0		1200				200		20

		1995.0		1241				200		20

		1996.0		1260				200		20

		1997.0		1375				200		20

		1998.0		1225				200		20

		1999.0		1266				200		20

		2000.0		1105				200		20

		2001.0		917				200		20

		2002.0		680				200		20

		2003F		2512				300		40

		2004F		2989				300		40

		2005F		2677				300		40



Here, the blue line that matches long-term electronics growth has been copied and overlaid on the  Chips and Equipment  Revenue lines.  Note how they  appear to have reached saturation.  After 8 years of tracking electronics, it is safe to say that a new and slower growth trend has emerged for Chips and Equipment.

So far, the trend in volatility has been to grow.  The reason is that companies have been running a strategy of market share rather than profits.     - - Dan

2001

2002
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Moore's 2nd Law: Fact of Fiction?
First published back in the '80's by VLSI, this chart was used then to show the tendency of fab costs to double every two nodes.  The trend was first named "Hutcheson's Law" in 1989 by Hartwig Ruell of Siemens; then "Rock's Law" in 1994 by Ken Thompson of Intel; and finally "Moore's 2nd Law" by Business Week in 1996.  In the early nineties, VLSI predicted that this trend would plateau, which happened.  Ironically, Moore's Second Law gained mythological status just it was dieing.  More recently it has risen with the introduction of 300mm.

Copyright © 2005 by VLSI Research Inc.  All Rights Reserved

($M)

Average Fab Cost in $M

History of Average Cost to Build & Equip a Wafer Fab
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Moore's 2nd Law: Fact of Fiction?
Moore's Law is about transistors doubling every node for the same cost of manufacturing.  So any analysis of fab costs should account for fab productivity, which has grown 5 orders-of-magnitude.  This is why it makes so much sense to spend so much on a fab.

Copyright © 2005 by VLSI Research Inc.  All Rights Reserved

Transistors per CM^2

Transistors per Sq. CM

Wafer Fab Production Capability

347.22222222222223

11111.111111111111

27498.597046143517

56696.22765523005
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1122448.979591837
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7350230.414746543

1.0289570279973026E7

1.440434524801969E7

2.016460905349794E7

3.0957406051287804E7
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																								Last Update:				31-Dec-99				TCI		30327.08
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Moore's 2nd Law: Fact of Fiction?
Account for the effect of increasing productivity in fab costs and the results are astounding: Fab cost per transistor has decreased by 4 orders-of-magnitude since Moore's Law was discovered.  This is why Moore's Law works and shows the true value the chip making industry has added.  Note that the rate of decline accelerated in the nineties and is still going strong, in spite of all the warnings of Moore's Law being dead by some pundits.
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($M)

Cost in Nano $

Wafer Fab Depreciation Cost per Transistor

3.130700636942675E8

7108294.4713660125

1148873.8796282867

331543.5854181909

234978.23243046177

190233.5456475584

298448.0486227201

301308.4663013544

209959.46728430802

216299.82855147336

177691.99768384482

112415.90457936034
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35164.886977055525

29184.399839452726

19859.707229240288

4725.819658929659

2177.048880603456
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		Filename: M:\109sciam\FORDARCH.WK1

		Ford Motor Co. Archives, Dearborn, MI

		FY Year Ending Sept 30

		Year		Average		Average		Average		1000		Cars Sold

				Price		Cost		Profit

		1904		506.75		394.48		112.27		1.708		1708

		1905		845.10		715.55		129.55		1.695		1695

		1906		760.72		685.62		75.10		1.599		1599

		1907		593.71		473.20		120.51		8.423		8423

		1908		574.85		410.01		164.84		6.398		6398

		1909		650.86		446.83		204.03		10.607		10607

		1910		784.36		504.25		280.11		18.664		18664

		1911		575.37		415.71		159.66		34.528		34528

		1912		445.35		308.50		136.85		78.44		78440

		1913		361.72		242.61		119.11		168.304		168304

		1914		341.21		241.60		99.61		248.307		248307

		1915		354.08		246.22		107.86		288.728		288728

		1916		345.75		237.67		108.08		472.35		472350

		1917		287.28		246.06		41.22		730.041		730041

		1918		241.81		204.96		36.85		656.165		656165

		1919		384.00		296.14		87.86		487.802		487802

		1920		407.19		320.86		86.33		635.226		635226

		1921		412.46		309.05		103.41		690.755		690755

		1922		442.75		343.03		99.72		933.72		933720
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FORD MOTOR COMPANY'S EQUIVALENT TO MOORE'S LAW
(the early years of the auto industry)



		



Source: Ford Motor Co. Archives, Dearborn, MI
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Depreciation per transistor is what drives Moore’s Law:
It continues to go down, proving that fabs are not too expensive. 

Wafer Fab Depreciation Cost per Transistor

1000

10000

100000

1000000

10000000

100000000

1000000000

19
66

 

19
68

 

19
70

 

19
72

 

19
74

 

19
76

 

19
78

 

19
80

 

19
82

 

19
84

 

19
86

 

19
88

 

19
90

 

19
92

 

19
94

 

19
96

 

19
98

 

20
00

 

20
02

 

20
04

 

C
os

t i
n 

N
an

o 
$


Chart2

		

		1965

		1966

		1967

		1968

		1969

		1970

		1971

		1972

		1973

		1974

		1975

		1976

		1977

		1978

		1979

		1980

		1981

		1982

		1983

		1984

		1985

		1986

		1987

		1988

		1989

		1990

		1991

		1992

		1993

		1994

		1995

		1996

		1997

		1998

		1999

		2000

		2001

		2002

		2003

		2004

		2005e



(Nano $)

Cost in Nano $

Wafer Fab Depreciation Cost per Transistor

313070063.694268

7108294.47136601

1148873.87962829

331543.585418191

234978.232430462

190233.545647558

298448.04862272

301308.466301354

209959.467284308

216299.828551473

177691.997683845

112415.90457936

76464.7015962485

42461.5138869477

31347.2958838312

19540.7249924124

11591.1537297236

5592.5116211142

3216.9143592982

2212.8493297187

1486.3776926091



DocCntrl

		FAB COST DATABASE

		Started: 5/21/96 by RJP, completed 6/28/96 by RJP

		Updated 8/19/99 by LC, added 1998 data-point

		Updated 11/29/00 by RJP, added 1999  and 2000 data-points

		Updated August 2003 by GDH

		Updated May 2005 by GDH





Analysis

		

		Average Fab Costs												Depreciation

												Areal		Cost

		Year		Cost				Wafer Size		WSM		Output of Fab		Per Sq CM

				($M)				(mm)		K		KsqCM/Month		(5 Years)

		1965

		1966		3				51		4.3		87		$   0.57

		1967

		1968

		1969

		1970

		1971		4				76		4.3		196		$   0.34

		1972

		1973

		1974

		1975

		1976

		1977		9				102		10.75		871		$   0.17

		1978

		1979

		1980		25				102		10.75		871		$   0.48

		1981

		1982		50				102		10.75		871		$   0.96

		1983

		1984

		1985		100				125		21.5		2637		$   0.63

		1986

		1987

		1988		300				150		21.5		3797		$   1.32

		1989

		1990

		1991		650				150		20		3533		$   3.07

		1992		700				150		20		3533		$   3.30

		1993		925				200		20		6280		$   2.45

		1994		1200				200		20		6280		$   3.18

		1995		1241				200		20		6280		$   3.29

		1996		1260				200		20		6280		$   3.34

		1997		1375				200		20		6280		$   3.65

		1998		1225				200		20		6280		$   3.25

		1999		1266				200		20		6280		$   3.36

		2000		1105		1750.19		200		20		6280		$   2.93

		2001		917		11		200		20		6280		$   2.43

		2002		680		12		200		20		6280		$   1.80

		2003		2512		13		300		40		28260		$   1.48

		2004		2989		14		300		40		28260		$   1.76

		2005e		2677		15		300		40		28260		$   1.58

		DATABASE

		year		cost		source

		1965

		1966		3		DH

		1967

		1968

		1969

		1970

		1971		4		DH

		1971		4		JH

		1972

		1973

		1974

		1975

		1976

		1977		9		DH

		1977		9		JH

		1978

		1979

		1980		25		DH

		1980		25		JH

		1981

		1982		50		DH

		1982		50		JH

		1983

		1984

		1985		100		DH

		1985		100		JH

		1986

		1987

		1988		300		DH

		1988		300		JH

		1989

		1990

		1991		650		DH

		1991		650		JH

		1992		700		DH		1992		1300		JH

		1993		925		DH

		1994		1200		DH

		1995		1100		Samsung

		1995		1500		Siemens

		1995		1000		UMC/Alliance/S3

		1995		1300		Huyndai

		1995		1500		Intel

		1995		1400		Intel

		1995		1100		LG Semicon

		1995		1150		Fujitsu/AMD

		1995		1300		Mitsubishi

		1995		1300		motorola

		1995		1350		Samsung

		1995		1100		Samsung

		1995		1100		Samsung

		1995		1421		Siemens

		1995		1000		IBM

		1996		1500		AMD

		1996		1300		Hyundai

		1996		1200		Matsushita

		1996		1000		NEC

		1996		1300		Samsung

						COMPANY		LOCATION		AOW		TYPE		AMOUNT		WSW		SZ		UPM		GEOMETRY		COMPLETION		PRODUCT		ISSUE		CLEANROOM		COMPLETION		COMMENTS		SOURCE		DATE		ANALYST

		1999				NEC		Kyushu, Japan		JA		NM		760		2500		8				0.18		0105		DRAM		9911				18		New line in Fab 8 building; to be called Fab 9 but in Fab 8 bldg.; for Nintendo game player chips; to extend line to 0.13um; previously listed in 6/99 as "U"

		1999				Toshiba & SCE		Oita, Japan		JA		TBJV		1000		2500		8				0.18		0006		MPU		9904.0						for PlayStation video game chips; "minilines"

		1999				NEC & Shanghai Hua Hong		Shanghai, China		AS		RP		1000		5000		8				0.35		9902		DRAM & ASIC		9902.0		80000		0		Scheduled to begin production next month at .35um on 200mm wafers

		1999				Wafer Tech Malaysia		Kulim, Malaysia		SEA		TBJV		1200		7000		8				0.18				Foundry		9903.0		80000				going ahead w/plans to build fab; will announce JV partner in 3/99; begin construction in 2Q99; now say .18 um

		1999				PSMC		Taoyuan, TW		TW		N		1250		5000		8				0.25		0009		Foundry		9908				26		PSMC--Pacific Semiconductor Mfg Corp.; break ground by 3Q; already licensed 0.25-0.15, Cu, logic technolgy from IBM

		1999				AMD		Dresden, Germany		EU		TW		1500		5000		8				0.22				MPU		9903.0		90000		25		originally listed in 11/96; started test wafers for K7; prod st at .22 end 99 then to .18; 20K wspm

		1999				Intel		Leixlip, Ireland		EU		U		1500		5000		8				0.18		0006		MPU		9903.0		90000		9		Fab 14; currently making PII @ .25 going to PIII @ .18

		1999				Intel		Kiryat Gat, Isreal		ROW		RP		1500		7100		8				0.25		0001		Logic		9910						Production scheduled to begin in August 99, 1st chips out door in Sept 99, constr began in '96 w/$1B from Intel and $0.6B from Israeli gov't

		1999				Samsung		Hwasung		KO		N		1500		5000		8				0.25-0.18		0012		DRAM		9910						Started construction on last 8" fab, line 10, production expected late '00 or early '01,

		1999				TSMC		Tainan, Taiwan		TW		N-RE		1600		6928		8				0.25		0005		Foundry		9906.0				11		Fab 6; 30K wafers per mo; start @ 0.25 then to 0.18 and 12" wafer by second half 00

		1999				AMD		Dresden, Germany		EU		RP		1900		5000		8				0.22				Athlon MPU		9911						Previously listed in Mar 99 issue, new info states facility opened and will ship 1M Athlon chips by end of year (99)

		1999				SCE		Nagasaki, Japan		JA		N		583		2500		8				0.18		0004		MPU		9904.0						will be built adjacent to existing plant at Nagasaki; 15B yen for cleanroom; 55B yen for eqpt; 2 minilines each w/capacity of 5000WPM; Sony Computer Entertainment Inc. (SCE)

		1999				Semiconductor 300		Dresden, Germany		EU		TW		777		2500		8				0.25				DRAM		9904.0						produced 1st 300mm wafer w/64Mb parts

		1999				Toshiba & SanDisk		Manassas, VA		US		NI-TBJV		1400		5000		8				0.13-0.16		0103		Flash Memory		9910						Using Dominion facility for new JV between SanDisk & Tosh; volume prod to start in 1H 2001

		1999				ProMos Technology Inc.		Hsinchu, TW		TW		RP		1700		6005		8				0.20		9912		64Mb DRAM		9909.0						Ramping production via shrink to 0.20um; originally listed in 8/97

		1999				Intel		Hillsboro, OR		US		NCE		1200		2500		12				0.13		0206		MPU		9906		120000		36		Listed in Mar 98, D1C development fab, 300mm eq in early 2000; to be processing 0.13 w/Cu in 2002

		1999				NEC		Kyushu, Kumamoto Prefecture		JA		N		1500		2500		12				0.13		0206		NR		9901				54		this facility independent of 300mm facility at Kanagawa Prefecture which does R&D

		1999				NEC & Hitachi JV		Hiroshima, Japan		JA		N		1500		5000		12				0.15		0206		DRAM		9912.0				31		Nihon Keisai Shimbun said would launch construction of a next-gen 300mm fab to start  prod in 2002

		1999				Promos		Hsinchu, Taiwan		TW		NCE		1500		5000		12				0.18		0111		DRAM		9912.0				24		JV btwn Infineon & Mosel-Vitelic; install eq in 2001, production by 2002

		1999				IBM		Fishkill, NY		US		N-P		1500		5000		12				0.13		0106		Not reported		9912				19		Announced by John Kelly; not definitive statement though

		1999				Samsung		Hwasung		KO		N		1650		5000		12				0.25-0.18		0212		DRAM		9910						Line 11 to be built in another 2 years; says D. Wang of AMAT

		1999				TSMC & Vanguard JV		Hsinchu, Taiwan		TW		N		1983		2500		12				0.13		0206		Foundry		9906						Groudbreaking in Spring 2000; 0.13-->0.10 1 yr after startup

		1999				UMC		Tainan, TW		TW		N		3000		5000		12				0.18		0012		Foundry		9909.0				15		Plans to start construction, expected completion in Q4

										Cost for a 5K WSW 200mm Fab:		1266		1067		4215

								Overall Average				1714		1420		4143

						COMPANY		LOCATION		AOW		TYPE		AMOUNT		WSW		SZ		UPM		GEOMETRY		COMPLETION		PRODUCT		ISSUE		CLEANROOM		COMPLETION		COMMENTS		SOURCE		DATE		ANALYST

		2000				AMD		Dresden, Germany		EU		RP		1500		5000		8				0.18		5/97		MPU, Athalon		Sep-00				28		1400 workers. Saxony Govt. will contribute $400M. NOTE DEC TOT $ 840-1200prev=-360

		2000				Matsushita Electronic Corp.		Japan		JA		N		1000		5000		8						0112		SOC		Jun-00		129180		19		Initial investment is only $840M but estimated total cost at $1.5B		MSDW form Cyberspace		06/06/00		RB

		2000				Motorola		Tianjin, China		AS		NI-AI		2000		5000		8				0.25				MCU		Feb-00						"Earmarking" $2B for MCU fab, prev listed in 2/99 issue		www.semibiznews.com		02/03/00		LC

		2000				Motorola		Dunfermline, Scotland		EU		N		2000		5000		8				0.15				Wireless chips		May-00						Will be called MOS 18, replacing MOS 16 in South Queensferry		EBN, p. 10		04/24/00		LC

		2000				Motorola		Tianjin, China		AS		NCE		1500		5000		8				0.35		0206		Various		Sep-00				20		Orig. listed in Feb 00 issue, NCE of $1.5B, also will have $400M facility for wireless telecom products separate from fab		www.semibiznews.com		08/21/00		LC

		2000				Samsung		Hwasung		KO		NI		1650		5000		8				0.25-0.18		0212		DRAM		Aug-00						10/99 annc. was 12 in. now being built as 8		EBN, p. 8		9/20/99

		2000				TSMC		Tainan, Taiwan		TW		RP		1600		6928		8				0.25		0004		Foundry		Apr-00						Originally listed in 6/99, officially opened on 3/30		Co PR		03/30/00

		2000				SMIC		Shanghai, China		AS		N		1000		6977		8				0.35/0.25/0.18		0112		Foundry		Oct-00				13		SMIC=Semiconductor Manufacturing International Corp.;Break ground 10/00, prod begin end of '01; 0.25 process technology from Toshiba, plans to develop 0.18um on own.		www.semibiznews.com		09/27/00		LC

		2000				Samsung		Hwasung		KO		N-CS		1800		7442		8				0.15		0103		DRAM, 128, 256Mb		Jan-00				14		Previously listed in 10/99 as "N"; expect to ramp to 32KWPM by early 2001		SBN off www.semibiznews.com		12/16/99		LC

		2000				Toshiba Corporation		Oita, Japan		JA		N		1000		8140		8				0.18		0104		SoC		May-00				11		To construct 2-story bldg w/ 10Km^2 clean room next to existing bldg #150; separate facility at existing Oita site		EE Times, p. 48		04/24/00		LC

		2000				Grace Semiconductor Ltd.		Shanghai, China		AS		NI-CS		1600		8140		8						0209		Not Reported		Dec-00						Originally listed in Oct., now construction started; licensed technology from Oki		www.seminews.com		11/20/00		LC

		2000				Dongbu Group		Eumsung, Korea		KO		OFF-H		1500		10465		8				0.15		0307		Logic		Jul-00				36		Construction will begin later this year & Toshiba will invest $50M; coming off hold after being moth-balled in '97		www.seminews		07/05/00		RB

		2000				Chartered		Singapore		AS		N		2100		13953		8				0.15		0106		Foundry		Feb-00				23		Fab 7, may install 12" line in 2nd phase of fab 7; will break ground at end of Feb 00		www.semibiznews.com		01/21/00		LC

		2000				Sony		Nagasaki, Japan		JA		N		1500		6977		8				0.18		0206		Graphics chips		Jun-00				24		To be called Fab 2; built next to existing Fab 1 in Nagasaki, Kyushu Island		Wafer News, p. 5		05/22/00		LC

		2000				TSMC		Tainan, Taiwan		TW		NI-TW		1600		1047		12						0012		Foundry		Dec-00						Began prod at fab No. 6; 4500 wspm at full utilization		gdanh email		11/20/00		LC

		2000				Elpida Memory		Hiroshima, JA		JA		N		1400		4651		12				0.13		0103		DRAM, 256Mb		Dec-00		190540				JV btwn NEC and Hitachi; predict samples in 1Q01, full prod later in spring;		www.siliconstrategies.com		11/28/00		LC

		2000				Intel		Chandler, AZ		US		NI-IP		2000		5000		12				0.13		0108		Not reported		Feb-00		133000		18		Began site prep after Chandler city council approved project, called Fab 22		www.semiconbay.com		02/11/00		LC

		2000				Intel		Leixlip, Ireland		EU		N		2000		5000		12				0.13		0109		MPU		Jul-00		135000		14		Initial prod is 200mm going to 300mm later. Believed to be separate new fab at existing Leixlip facility.		www.semibiznews.com		6/19/00		RB

		2000				TSMC		Hsinchu, Taiwan		TW		N-CS		2000		5814		12				0.15		0203		Foundry		Jan-00				27		Fab 12 groundbreaking; pilot run 0.15 to 0.12 then go to 0.1		Electronic News, p.1		12/20/99		LC

		2000				Nanya		Taiwan		TW		N-P		2000		5814		12				0.15		0303		DRAM		Sep-00				31		To begin construction in 1Q01; no site given		www.semibiznews.com		08/16/00		LC

		2000				IBM		East Fishkill, NY		NA		N		2500		6977		12						0209		Logic		Oct-00				23		Will process w/Cu, LoK, and SOI; to open 2H02 and ramp to full by early 03		www.semibiznews.com		10/10/00		LC

		2000				Intel		Rio Rancho, NM		NA		N		2000		6977		12				0.13		0206		MPU		Jun-00		135000		24		First 300mm for Intel; next existing Fab 11, this fab currently called Fab 11 too		www.semibiznews.com, SBN article		05/24/00		LC

		2000				Infineon		Dresden, Germany		EU		NM		1000				12				0.18		0304		DRAM & Logic		Apr-00						New 300mm module at Dresden site		Co PR		03/31/00

		2000				TSMC		Hsinchu,Taiwan (4 fabs)		TW		EP		1600				8&12								Foundry		Sep-00						The funds will be used construction & equipment installation of both  8 & 12" wafer fabs (3 8" and 1 12")		MSDW: News from Cyberspace		08/16/00		RB

		2000				LG Philips & LG Elec. JV		Kumi, Korea		KO		N		1600										0209		TFT-LCD		Jun-00				27		To be called Gen 5 fab w/30K panels/mo production		EBN, p. 96		06/05/00		LC

										Cost for a 5K WSW 200mm Fab:		1105		1546		6996

		Average										1274		1666		6536

						COMPANY		LOCATION		AOW		TYPE		AMOUNT		WSW		SZ		UPM		GEOMETRY		COMPLETION		PRODUCT		ISSUE		CLEANROOM		COMPLETION		COMMENTS		SOURCE		DATE		ANALYST

		2001				Shougang NEC Electronics		Beijing,China		AS		N-CS		1000		2500		8				0.35		0207		Foundry		May-01						Preparing to break ground in May. This plant will be NEC's second fab in China, the other fab  is called Shanghai Hua Hong NEC		MSDW		03/26/01		AJ

		2001				STMicroelectronics		Agrate, Italy		EU		RP		1000		4500		8				0.18				Flash Memory		July-01						Known as R2. Plant currently making 2500 wsw but will ramp up to 4500 wsw by 2002. ST plans to surpass its 0.18 micron technology and reach for 0.13 and 0.10 by 2004.		Semiconductor Magazine, p.43		May-01				AJ

		2001				Intel		Colorado Springs, CO		US		RO		1100		5000		8				0.18		0103		Flash memory		Mar-01						Acquired from Rockwell, no price given but initial announcement says Intel will invest  $1.1B.		siliconstrategies.com		02/09/01		AJ

		2001				1st Silicon		Kuching, Malaysia		AS		RP		1250		6977		8				0.25		0009		Foundry		Mar-01						Officially opened 2/23, employs 600 workers, will advance to 0.18 and below before end 2001.		EE Times		03/05/01		AJ

		2001				Communicant Semiconductor Technologies		Frankfurt an der Oder		EU		N-CS		1500		6977		8				0.18		0603		Foundry		Sep-01		80000				On track for production in first half of 2003. Pilot line at 800 wfm moving to 2000wfm by end 2001. Intel will own aboyt 20% of production.		siliconstrategies.com		09/06/01		AJ

		2001				Silterra Malaysia		Kulim, Malaysia		AS		RP		1500		6977		8				0.25				Foundry		Apr-01						Currently running at 0.25 technology.Has begun accepting orders and has a backlog of 80M$.		www.semibiznews.com		03/06/00

		2001				Silterra Malaysia		Kulim, Malaysia		AS		NI-AI		1500		6977		8				0.25 & 0.18				Foundry		May-01						Seiko Instruments has taken a 6-7% equity stake in Silterra, worth $54M.  Will own capacity rights to 0.25/0.18 technology.		www.semibiznews.com		03/06/00		AJ

		2001				Tower		Migdal Haemek, Israel		EU		N-CS		1500		7674		8				0.18		0209		Foundry		Feb-01						Construction on Fab 2 has started. Tower has secured $250M line of credit from Israeli banks along with backing from equity partners and the Israeli Govt.		Business Wire		02/12/01		AJ

		2001				Intel		Chandler, AZ		NA		RP		2000		8140		8				0.13		0110		MPU		Nov-01		133000				Fab 22 will produce MPUs based on copper-based 0.13 micron process technology on 200 mm wafers..		Corporate release		10/17/01		AJ

		2001				STMicroelectronics		Catania, Italy		EU		N-CS		1500		9000		8				0.13		0303		Flash memory		May-01				24		Referred to as M6 facility. Will intially start 200 mm wafer but is designed to accommodate 300 mm tools. Will later migrate to 0.1 micron for nonvolatile memories and flash parts.		MSDW		03/26/01

		2001				Beijing Huaxia Semi. Mfg. Co.(HSMC)		Beijing,China		AS		N-CS		1300		10465		8				0.25		0209		Not reported		Apr-01						Partners: Shougang Group, Beijing municipal govt, Alpha and Omega Semiconductor, and Joshua Semiconductor		MSDW		03/27/01		AJ

		2001				Dongbu Group		Eumsung, Korea		KO		RP		1500		10465		8				0.18 & 0.13		0105		Foundry		May-01		622000				Will ramp up production to 20000 wafers/month this year and up to 45000wpm next year.		Corporate release va e-mail to GDH.		04/27/01		AJ

		2001				SMIC		Shanghai, China		AS		TW		1480		11628		8				0.25/0.18		0206		Foundry		Nov-01						Will churn out 2,000wpm through end of 2001, then add 2000wpm  through 2002.  Full capacity targeted in 2003 0r early 2004 depending on market.		EE Times		10/01/01		AJ

		2001				SSMC		Pasir Ris Park, Singapore		AS		RP		1200		6977		8				0.25->0.12		0105		SOC Products		Jun-01						Will be moving to 0.12 micron technology in 2002.		www.siliconstrategies.com		05/14/01		AL

		2001				Sony		Kyushu,Japan		JA		NI		943		692		12						0208		LCD & CCD		Feb-01		215299		7		Recently broke ground		Digitimes		01/24/01		AJ

		2001				Silicon Integrated Systems		Tainan, Tawain		TW		NCE		1600		4651		12				0.18		0207		Logic		Apr-01								WSJ,3/20/01 & ASML		03/20/01		AJ

		2001				Silicon Integrated Systems		Hsinchu, Taiwain		TW		N		1600		4651		12				0.15		0209		Various		Jan-01				21		Broke ground for new 300mm fab which was originally announced by the Hsinchu based company last year. Main products will be PC Chip sets, graphic Ics and communications devices and planning to produce SOC products in near future.		MSDW		12/27/00		RB

		2001				Samsung		Hwasung		KO		NI		1650		5000		12				0.13		0112		DRAM		Apr-01						Line 11 will start production second half of 2001		Goldman Sachs		03/19/01		AJ

		2001				Intel		Leixlip, Ireland		EU		NI		2000		5000		12				0.13		0212		MPU		Apr-01		135000				Slowing down construction in 2001 but accelerating again in 2002.		Goldman Sachs		03/19/01		AJ

		2001				Intel		Hillsboro, OR		NA		N-P		2000		5000		12				0.07		0306		Developmental fab		July-01						Will be an experimental fabrication plant called DID.		NewsEdge		07/05/01		AJ

		2001				Vanguard Intl. Semi. Corp		Hsinchu, Taiwain		AS		N-P		2000		5000		12				0.13				Memory Products		Jan-01						Planning to built new facility with advanced technologies		siliconstrategies.com		01/09/01		RB

		2001				TSMC		Hsinchu, Taiwan		TW		N-RE		2000		5814		12				0.13		0112		Foundry		Mar-01						Fab 12		TSMC web site		03/13/01		AJ

		2001				ProMos		Hsinchu, Taiwan		TW		RP		1700		6005		12				0.14				DRAM		Jun-01						Existing  300mm wafer fab,  set to ramp up the line on August, using 0.14-micron process technology to produce 256 MB double-date-rate chips.   Its first 12-inch wafer plant will start pioneer production of 256Mbb SDRAMs before March 2002, with a monthly		MSDW		05/23/01		AL

		2001				Consortium of Japanese Cos		Location undetermined		JA		N-P		1300		9302		12				0.13/0.10		0312		Foundry		Mar-01						promoted by Nippon Foundry Inc.Will produce DRAM, SRAM, flash, SOCs. Half of capacity could switch to 0.10 micron as early as 2004.		EE Times		03/05/01		AJ

		2001				Chartered		Singapore		AS		NI		2100		13953		12				0.15		0106		Foundry		Feb-01						Pilot production in mid 2002 and ramp into full production in 2003.		MSDW		02/06/01

		2001				Infineon		Dresden, Germany		EU		N-RE		1000		1000		5581		12				0.18		0106		DRAM & Logic		May-01						First product will be 256M DRAMS.  Will start production 2d half of 2001 and should be at capacity by end 2002.		MSDW		04/23/01

		2001				Toshiba & Matsushita		Tampines, Singapore		AS		N		1060		2500				55000				0207		LCD panels, Polysilicon		Mar-01						67% Toshiba/33% Matsushita; 55,000 730mmX920mm glass substrates per month		Corporate release		02/23/01		AJ

										Cost for a 5K WSW 200mm Fab:		917		1381		7525

		Average										1168		1556		6662

						COMPANY		LOCATION		AOW		TYPE		AMOUNT		WSW		SZ		UPM		GEOMETRY		COMPLETION		PRODUCT		ISSUE		CLEANROOM		COMPLETION		COMMENTS		SOURCE		DATE		ANALYST

		2002				Dongbu Electronics		Umong, Chungchongbuk Province		KO		NM		1040		9238		8				0.13		0312		Foundry		Nov-02						Plans to start construction end of 2002; volume production by 2003 and full capacity of 40KPM by 2006.		Morgan StanleyNL		10/24/02		AJ						F		Forecast

		2002				SMIC		Shanghai, China		AS		RP		1480		9884		8				0.25/0.18				Foundry (Fab 1)		Mar-02						SMIC's first round $1.5B investment committed to building up to 42.5Kwpm.  Second round of financing will fund expansion to 85Kwpm by June 2004.		Wafer News		02/18/02		AJ

		2002				Shanghai Grace Semiconductor		Pudong area, Shanghai		AS		N-IP		1600		11628		8				0.25/0.18		0206		Foundry		Mar-02						Two shells under construction has enough capacity for 100K wafers/month.  Cleanroom will be completed in the summer, tools installed in the fall and pilot production will start by year-end. The second fab will be a shell until Grace needs to expand in the		Wafer News		02/18/02		AJ

		2002				Shanghai Grace Semiconductor		Pudong area, Shanghai		AS		N-IP		1600		11628		8				0.25/0.18		0303		Foundry		Mar-02								www.siliconstrategies.com and Solid State Technology, Jan 2002		03/26/02		AJ

		2002				Shanghai Grace Semiconductor		Pudong area, Shanghai		AS		N-IP		1600		11628		8				0.25/0.15		0303		Foundry		Nov-02						Will start production early 2003 using technology from Oki and will move to 0.13 in 2004.Will start up with 3 to 5KWPM but will ramp to 27KWPM by end 2003.		Morgan StanleyNL		11/08/02		AJ

		2002				Shanghai Grace Semiconductor		Pudong area, Shanghai		AS		N-RE		1600		11628		8				0.25/0.15		0304		Foundry		Dec-02						Has began moving in equipment.  Will fill up initial production capacity through dmand from Oki Electric. Will start up with 3 to 5KWPM but will ramp to 27KWPM by end 2003.		Goldman Sachs		11/28/02		AJ

		2002				Toshiba & SanDisk		Manassas, VA		NA		S		1400		5000		8				0.13-0.16				Flash Memory		Jan-02						The JV is using Dominion's facility.  When Micron acquires Dominion, the flash memory operation will be transferred to Toshiba's Yokkaichi facility.		www.siliconstrategies.com		12/18/01		AJ

		2002				Nanya Technology/Infineon		Taoyuen		TW		N-CS		2000		4619		12				0.09/0.07		0406		DRAM		Nov-02						Construction has started on the jv with Infeneon.  Plans to spend $M780-800 next year with the final cost pegged at $2B.  Will be ramped up to full production in mid-2004.		Morgan StanleyNL		10/15/02		AJ						On-H		On Hold

		2002				Intel		Leixlip, Ireland		EU		Off-H		2200		5000		12				0.09		0406		MPU		May-02		135000				Intel restarting construction of Fab 24; Will use as high-volume fab for 90 nm geometry.  Production slated for first half of 2004.		www.siliconstrategies.com		04/25/02		AJ						N-P		New-Planning

		2002				Intel		Hillsboro, OR		NA		RP		2000		5000		12				0.13				Developmental fab		Feb-02						Developmental fab for Pentium 4s, 0.13u process.		www.siliconstrategies.com		1/23 and 2/8/02		AJ						N-CS		New-Construction Started

		2002				Nanya Technology		Linkou		TW		Off-H		2000		5814		12				0.11		0306		DRAM		Feb-02						After delays, company decided to proceed with the fab with plans to equip the plant by year-end and full scale production in 2003.		www.siliconstrategies.com		01/22/02		AJ						TW		Test Wafers in pilot production

		2002				Infineon		Dresden, Germany		EU		RP		1000		6005		12				0.14/0.11				DRAM & Logic		Jan-02						Began Dec 01.  Will ramp up to 17K wpm by end 2002.  Full production is 26K wpm. Fab is starting out with 0.14 micron using 248nm scanners from ASML and Canon. 0.11 micron production by end 02.		www.siliconstrategies.com		12/12/01		AJ						NI-AI		New Information-Additional Investment

		2002				Intel		Rio Rancho, NM		NA		N-IP		2000		6977		12				0.13		0206		MPU		Feb-02		135000				First 300mm for Intel; next existing Fab 11, this fab currently called Fab 11x, ramping up second half 2002.		www.siliconstrategies.com		1/23 and 2/8/02		AJ						N-IP		New-In Progress

		2002				IBM		East Fishkill, NY		NA		RP		2500		6977		12				0.13/0.09		0208		Logic		Jun-02				2		Will process w/Cu, LoK, and SOI; to open August '02 and ramp to full by early 03		www.siliconstrategies.com and Solid State Technology, Jan 2002		06/04/02		AJ						MSI		Millions of Square Inches

		2002				IBM		East Fishkill, NY		NA		RP		2500		6977		12				0.13/0.09		0208		Logic/DRAM		Aug-02						Opened in August 02.		CorpRelease		07/30/02		AJ						NCE		New Cost Estimate

		2002				Intel		Rio Rancho, NM		NA		RP		2000		6977		12				0.13		0210		MPU		Nov-02		135000				Called Fab11x, next to existing Fab 11; first 300mm for Intel, opened Oct 23 '02.		CorpRelease		10/23/02		AJ

		2002				UMCi Pte Ltd.		Pasir Ris Park, Singapore		AS		N-IP		3600		9302		12				0.13 & 0.10		0306		SOC Products		Jun-02						JV of UMC, Infineon and Singapore's Econ Dev Board.  Will receive equiptment by end of 02; Pilot production of 0.13um to start at second half of 2003.		Wafer news 5/13/02 and siliconstrategies 6/7/02		5/13/2002 & 6/7/02		AJ

		2002				UMC		Tainan, TW		TW		RP		3000		9302		12				0.13		0212		Foundry		Jun-02						Fab 12A;Plans to ramp production  to more than 10K 300 MM wpm in June, then to 20Kwpm in 2003.		Wafer news 5/13/02 & siliconstrategies6/7/02		5/13/2002 & 6/7/02		AJ

		2002								Cost for a 5K WSW 200mm Fab:		680		1487		10939

										Cost for a 5K WSW 300mm Fab:		1700		2255		6632

										Average		1217		1984		8152

		2003				From Industry Pulse 300mm only																GEOMETRY		EXPECTED								MONTHS TO

		2003				COMPANY		LOCATION		AOW		TYPE		AMOUNT		WSW		SZ (mm)		UPM		nanometer		COMPLETION		PRODUCT		ISSUE		CLEANROOM		COMPLETION		COMMENTS		SOURCE		DATE		ANALYST		SYMBOLISMS AND DEFINITIONS

		2003				SMIC		Beijing, China		AS		N		900		1000		300				130						Apr-03						Could install equipment as earlier than end of 2003.  No other details provided.		DigiTimes		03/25/03		AJ

		2003				Samsung (Line 12)		Hwasung, Kyunggido		KO		N		1200		6977		300				130		0312		DRAMs and Flash		Jan-03						Board approved $1.2Bfor a memory fab, represents Samsung's 12th memory line.  Phase 1 will ramp to 15K WPM in early 2d half of '03.  Phase 2 will ramp by another 15K WPM by 4th qtr '03.		Silicon Startegies1/13/03,Electronics News1/2/03, Goldman Sachs1/16/03				AJ

		2003				Matsushita		Uozo, Toyama Prefecture		JA		N		1200		1732		300				90		0509		Consumer ICs		Jan-04						Construction will begin in May 2004.  Will target the digital consumer electronics market, such as DVDs, digital TV, mobile comm equip, memory cards and network-related equip, CCD image sensors. Plans call for upgrading to 65nm eventually.		Silicon Strategies (1/9/04) and Wafer News (1/5/04)		01/09/04		AJ

		2003				Toshiba		Oita		JA		N		1436		5774		300				130 & below		0703		System LSIs		Jan-03						Capex expectation is about 350B yen over four years, equally divided between the plants.  Toshiba hopes to share the costwith Sony and SanDisk.		Nihon Keizai Shimbum		12/14/02		AJ

		2003				Toshiba		Yokkaichi		JA		N		1436		5774		300				130 & below		0603		Flash Memory		Jan-03						Capex expectation is about 350B yen over four years, equally divided betweenOita and Yokkaichi.  Toshiba hopes to share the costwith Sony and SanDisk.		Nihon Keizai Shimbum		12/14/02		AJ

		2003				Renesas Technology (2d phase)		Hitachinaka		JA		N		1524		5774		300				90		0612		ICs		Oct-03						Renesas will use Trecenti's fab to produce 90nm chips in first phase.  This will be followed by a new manf facility in the second phase.  No capacity data given.		Silicon Strategies9/11 and Dow jones9/10

		2003				Toshiba/SanDisk JV		Yokkaichi		JA		N		1900		5774		300				65		0509		NAND Flash		Dec-03						Fab 3 will have an initial production of 10WPM.  Once the facility is up and running, it will be operated by Flash Vision, which is the jv btwn Toshiba and SanDisk.  Construction wil start btwn April and Sep 2004.		EETimes		12/03/03		AJ

		2003				Winbond		Taichung		TW		N		2900		11547		300						0506		Flash Memory		Dec-03						Winbond will spend $2.9B  in the next five years.  Ground breaking in 2H04 with volume production for mid-2005.		DigiTimes		12/05/03		AJ

		2003				Inotera Memories (1st phase)		Taoyuen		TW		N-CE		1100		5543		300				90/65		0404		DRAM		Oct-03						Lowered cost estimate from $5B to $2.2B.  Phase 1 will have a capacity of 24KWPM and Phase 2 will have 30KWPM.		Goldman Sachs		10/07/03		AJ

		2003				Inotera Memories (2d phase)		Taoyuen		TW		N-CE		1100		6928		300				90/65		0612		DRAM		Oct-03						Lowered cost estimate from $5B to $2.2B.  Phase 1 will have a capacity of 24KWPM and Phase 2 will have 30KWPM.		Goldman Sachs		10/07/03		AJ

		2003				STMicroelectronics		Catania, Italy		EU		N-CS		1500		9000		300				130		0303		Flash memory		Jun-03						Referred to as M6 facility. As of 6/9 STMicro has not released any press release about the plant.  Do not publish in Ipro until further notice.		B. Mariner		05/19/03		AJ

		2003				Samsung (Line 13)		Hwasung, Kyunggido		KO		N-CS		2000		9238		300				90		0512		DRAMs and Flash		Oct-03						Building a shell. Will equip depending on market condition.		Electronic Engineering Times		08/18/03		AJ

		2003				AMD		Dresden, Germany		NA		N-CS		2400		6928		300				65		0601		MPUs		Dec-03						Fab 36 will be built adjacent to Fab 30.  Equipment ramp scheduled for 2004 with full production in 2006		CoPr		11/20/03		AJ

		2003								Cost for a 5K WSW Fab:		1256		1584		6307

										Cost for a 10K WSW Fab:		2512		Average		Average

						From Industry Pulse 300mm only																GEOMETRY		EXPECTED								MONTHS TO

						COMPANY		LOCATION		AOW		TYPE		AMOUNT		WSW		SZ (mm)		UPM		nanometer		COMPLETION		PRODUCT		ISSUE		CLEANROOM		COMPLETION		COMMENTS		SOURCE		DATE		ANALYST		SYMBOLISMS AND DEFINITIONS

		2004				Fujitsu (1st phase)		Tado-cho, Mie Prefecture		JA		N		691		924		300				90 & 65		0504		Logic Chips		Apr-04		12000 sq m				Initial investment will be 75B yen for first phase of construction through fiscal 2005 with phase two and subsequent investment to be made in stages based on market demand. Max wafer capacity is 13KPM.  Volume shipments to commence from Sep 2005.		CoPr		03/19/04		AJ		S		Shutting down

		2004				Fujitsu (2d phase)		Tado-cho, Mie Prefecture		JA		N		783		2079		300				90 & 65		0703		Logic Chips		Apr-04						Initial investment will be 75B yen for first phase of construction through fiscal 2005 with phase two and subsequent investment to be made in stages based on market demand. Max wafer capacity is 13KPM.  Volume shipments to commence from Sep 2005.

		2004				Winbond		Taichung		TW		N-CS		1517		5543		300				110		0512		Flash Memory, Pseudo SRAM, specialty DRAMs		Aug-04						Ground-breaking ceremony held July 23.  Equipment installment to start mid-2005, pilot-run phase by 4Q05 and full production in 2006.  Total capacity is 48KWPM, but initial capacity will be 24KWPM.  Initial phase will cost 49B NT $.		CoPr		07/23/04		AJ		U		Upgrading Facility

		2004				Toshiba/SanDisk JV		Yokkaichi		JA		N-CS		2508		5774		300				90 to 65		0509		NAND Flash		May-04						Fab 3 will have an initial production of 10WPM.  Full capacity being planned is 37.5KWPM. Once the facility is up and running, it will be operated by Flash Vision, which is the jv btwn Toshiba and SanDisk.  Will come on line between Oct 2005 to March 2006		CoPr		04/13/04		AJ		UPM		Units per Month

		2004				Intel-Fab 12		Chandler, AZ		NA		N-CS		2000		6928		300				65		0512		Logic		May-04						Intel has begun construction which will be completed in late 2005.  Fab 12 has a reported capacity of 35kWPM		CoPr		04/21/04		AJ		On-H		On Hold

		2004				ProMos Technologies		Hsinchu, Taiwan		TW		N-CS		2500		9238		300				130		0512		DRAMs		Jun-04						Construction has already begun of second 12" fab and production will start at 5KWPM by end of 2005. Hynix will supply 90nm technology.		MS News from Cyberspace		05/28/04		AJ		Off-H		Off Hold

		2004				Powerchip Semiconductor		Hsinchu		TW		N-CS		2000		9302		300				90		0506		DRAM		Apr-04						Fab12B.  Equipment move in Q105 and start pilot run Q205.		DigiTimes and PSC web site		03/26/04		AJ

		2004				SMIC (Fabs 4 and 5)		Beijing, China		AS		N-CS		1250		11547		300				130		0503		DRAM and CMOS		Feb-04						Currently building two fabs, Fab 4 to make DRAMs for Infineon and Elpida and Fab 5 for standard CMOS products.  Same layout as Shanghai.  Fabs 4 and 5 will be dedicated to front-end and Fab 6C will be for back-end wafer mfr.		siliconstrategies2/9/04, digitimes1/7/04 &SMIC website		2/09/2004 am		AJ

		2004				Elpida Memory		Hiroshima		JA		N-CS		6239		13857		300				90		0506		DRAM		Jun-04		90870 sq m				Located adjacent to the first 300mm fab. Max cap is 60KWPM with total construction cost between 450 and 475B yen.		CoPr		06/10/04		AJ

		2004								Cost for a 5K WSW 300mm Fab:		1495		2165		7243

										Cost for a 10K WSW 300mm Fab:		2989		Average		Average

						From Industry Pulse 300mm only																GEOMETRY		EXPECTED								MONTHS TO

						COMPANY		LOCATION		AOW		TYPE		AMOUNT		WSW		SZ (mm)		UPM		nanometer		COMPLETION		PRODUCT		ISSUE		CLEANROOM		COMPLETION		COMMENTS		SOURCE		DATE		ANALYST		SYMBOLISMS AND DEFINITIONS

		2005				Inotera Memories		Tao-yuan		TW		N		2200		13857		300				90 & 65		0612		DRAM		Jan-05						This will be second fab.  Construction to start in May05; initial pilot run end of 2006.  Max capacity is 60KWPM.		DigiTimes		1/11/05		AJ								C		Cancelled

		2005				IBM		East Fishkill, NY		NA		N		1900		5000		300				65 & 45				Foundry		Jan-05						Expansion will be called 323A.  Sony, Toshiba, Samsung, Indfineon, AMD and Chartered are the investors. Will be doing advanced work with Celll as component.		CoPr		1/5/05		AJ								AC		At Capacity

		2005				Winbond		Taichung		TW		NI-AI		1517		5543		300				110		0512		Flash Memory, Pseudo SRAM, specialty DRAMs		Feb-05						Secured a bank loan of NT$8B in Jan 05. Eqpt move-in in early May, pilot run during late Sept to early 4Q05.		DigiTimes		02/07/05		AJ								N-CS		New-Construction Started

		2005				ProMos Technologies		Hsinchu		TW		NI-AI		2500		9238		300				130		0512		DRAMs		Feb-05						Secured a $NT 10B loan in february to fund construction of second 300mm fab.  Eqpt move-in in May and pilot run mid-2005.		DigiTimes		2/7/05		AJ								D		Delayed

		2005				Chartered		Singapore		ROW		NI-AI		1000		5000		300				130				Foundry		Jan-05						This money will be used to buy equipment to ramp up capacity of Fab 7 to 15000WPM (3464WPW)		CoPr		12/30/04		AJ

		2005				Powerchip Semiconductor		Hsinchu		TW		N-IP		2000		9302		300				90		0506		DRAM		Apr-05						Fab12B.  Capacity of 15KWPM will be reached in June, one quarter ahead of schedule.		DigiTimes		03/30/05		AJ								N-RE		New-Receiving Equipment

		2005				Nanya Technology		Taoyuan		TW		N-P		2200		13857		300				90 & 65		0612		DRAM		Mar-05						This will be second fab.  Construction to start in May05; initial pilot run end of 2006.  Max capacity is 60KWPM.		DigiTimes		1/11/05		AJ								CPM		Changing Product Mix

		2005				ProMos Technologies		Hsinchu, Taiwan		TW		N-RE		2500		9238		300				130 & 90		0512		DRAMs		Apr-05						Currently installing equipment and test sruns are scheduled in May.  Fab will produce 5KWPM in June , ramping to 30-35KWPM by 4Q06. Fab will adopt 90nm for 512MbDDR2.		DigiTimes		03/30/05		AJ								NR		Not Released

		2005				Elpida Memory		Hiroshima		JA		N-RE		6239		13857		300				90		0512		DRAM		Apr-05		90870 sq m				Has made initial investment of $950M to order equipment. E300-Fab2, will open in December with 15KWPM of capacity.		Wafer News		03/28/05		AJ								N-IP		New-In Progress

		2005				Toshiba/SanDisk JV (Fab 3)		Yokkaichi		JA		SF		2600		9238		300				90 & 65		0506		NAND Flash		Mar-05		34500sqm				Fab 3 will have an initial production of 10WPM by late05. Can produce up to 40KWPM by 2007 and further invest,ent could take it up to 62.5KWPM.		CoPr		02/21/05		AJ								NM		New Module

		2005				AMD		Dresden, Germany		EU		TW		2400		6928		300				65				MPUs		Apr-05						Fab 36 first test wafers ran in March 05; first commercial shipments 1H06		Silicon Strategies		04/07/05		AJ								p		preliminary

										Cost for a 5K WSW 300mm Fab:		1339		2460		9187

										Cost for a 10K WSW 300mm Fab:		2677		Average		Average
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G. Dan Hutcheson:
From 268007 P2. DRAM Fab cost

Took average of 5000WPW, "N" listings from IP for 1998.  LC 8/99

Risto Puhakka:
Took average of >4000 wsw fabs from fabannouncements

AJEBENS, 9/02:
Reports from Deutsche Banc Alex Brown suggest that Intel is pushing out eqpt deliveries to Fab11x

AJEBENS, 9/02:
Will reach 25kpm end 02

Wafer start per week at design capacity
AL

Wafer start per week at design capacity
AL

Planned production of 60K wspm.

AJEBENS, 3/20/03:
Dan,
I think this is a duplicate of row 126.

Wafer start per week at design capacity
AL

Planned production of 30K wspm

Planned production of 60K wspm.

ajebens:
Square feet

ajebens, 11/1/01:
Solid State technology, 10/01, p.S32

Planned production of 20K wspm

New source says $1.9B versus $1.5 in prior listings.

Wafer start per week at design capacity
AL

Ajebens:
The jv will be operated by Flash Vision

Wafer start per week at design capacity
AL

Ajebens, 10/03:
Will be a jv with two undisclosed Japanese cos.

Ajebens, 10/03:
Capacity estimate based on $1.7B investment.

Ajebens:
The jv will be operated by Flash Vision

AJEBENS, 7/7/03:
formerly HwaYa Semi, 50:50jv between Infineon and Nanya Tech

ajebens, 10/3
Current estimate is $2.2B across 2 phases.  Former cost estimate was  5B across 2 phases.

AJEBENS, 7/7/03:
formerly HwaYa Semi, 50:50jv between Infineon and Nanya Tech

ajebens, 10/3
Current estimate is $2.2B across 2 phases.  Former cost estimate was  5B across 2 phases.

AJEBENS, 6/9/03:
Changed from 8mm to 12 mm based on e-mail from B.Mariner to Mike Thompson of ST.

Wafer start per week at design capacity
AL

Ajebens:
Listed in January issue as Inotera.

Ajebens:
The jv will be operated by Flash Partners,Ltd.  Owned 50.1% by Toshiba and 49.9% by SanDisk.

Wafer start per week at design capacity
AL

Dan:
This is from my personal conversations with executives.  CONFIDENTIAL-DO NOT RELEASE

Dan:
This is from my personal conversations with executives.  CONFIDENTIAL-DO NOT RELEASE
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regression for 1988 to 1996 datapoints
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regression for 1977 to 1994 datapoints
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Wafer Fab Cost Trends
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		FAB COST HISTORY

		Year		Average Fab Costs		Typical Capacity		Average Fab Costs Corrected for Fab Size		Typical Wafer Size		Depreciated Fab Cost per Wafer		Fab Cost per CM^2		Depreciated Fab Cost per CM^2		K Transistors per CM^2		Depreciated Fab Cost per Transistor		Transistors		Die Size						Ratio to Industry Average				Transistors per CM^2

				($M)		(WSW)		($M)		(MM)		(5Years)		($)		(Cents)				(Nano $)		K		MM^2

		1965.0

		1966.0		3		1000		3		37.5		$   12.00		$   5.44		108.70		0.35		313070064										5.4123058166				347

		1967.0

		1968.0

		1969.0

		1970.0

		1971.0		4		1000		4		50.8		$   16.00		$   3.95		78.98		11.11		7108294		2		18		4004				9.0079458315				11111

		1972.0

		1973.0

		1974.0

		1975.0

		1976.0

		1977.0		9		2500		4		76.2		$   14.40		$   1.58		31.59		27.50		1148874										7.0453438007				27499

		1978.0																38.89				28		72		8086

		1979.0

		1980.0		25		2500		10		101.6		$   40.00		$   2.47		49.36		56.70												7.1				56696

		1981.0

		1982.0		50		5000		10		101.6		$   40.00		$   2.47		49.36		148.89		331544		134		90		286				7.9145067726				148889

		1983.0

		1984.0

		1985.0		100		5000		20		125		$   80.00		$   3.26		65.22		277.57		234978		297		107		386DX				7.3169080381				277570

		1986.0

		1987.0

		1988.0		300		5000		60		150		$   240.00		$   6.79		135.88		714.29		190234		1200		168		486				7.9628251494				714286

		1989.0

		1990.0

		1991.0		650		5000		130		150		$   520.00		$   14.72		294.41		986.47		298448										4.1976337377				986467

		1992.0		700		5000		140		150		$   560.00		$   15.85		317.06		1052.26		301308														1052264

		1993.0		925		5000		185		200		$   740.00		$   11.78		235.67		1122.45		209959		3300		294		Pentium		1.0666995016		2.1219383763				1122449

		1994.0		1200		5000		240		200		$   960.00		$   15.29		305.73		1413.47		216300														1413466

		1995.0		1241		5000		248		200		$   993.12		$   15.81		316.28		1779.94		177692		5500		309		Pentium Pro				1.4978662162				1779935

		1996.0		1260		5000		252		200		$   1,008.00		$   16.05		321.02		2855.64		112416														2855638

		1997.0		1375		5000		275		200		$   1,100.00		$   17.52		350.32		4581.44		76465														4581440

		1998.0		1225		5000		245		200		$   980.00		$   15.61		312.10		7350.23		42462		15950		217		P3				1.5405579019				7350230

		1999.0		1266		5000		253		200		$   1,012.81		$   16.13		322.55		10289.57		31347														10289570

		2000.0		1105		5000		221		200		$   883.82		$   14.07		281.47		14404.35		19541										1.2442353553				14404345

		2001.0		917		5000		183		200		$   733.92		$   11.69		233.73		20164.61		11591		49000		243		P4								20164609

		2002.0		680		5000		136		200		$   543.63		$   8.66		173.13		30957.41		5593												13.0		30957406

		2003.0		2512		9302		270		300		$   1,080.17		$   7.64		152.89		47526.88		3217		221000		465		Itanium						14.0		47526882

		2004.0		2989		9302		321		300		$   1,285.40		$   9.10		181.94		82219.25		2213		410000		374		Itanium						15.0

		2005e		2677		9302		288		300		$   1,151.21		$   8.15		162.95		109625.67		1486		410000		374		Itanium
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Wafer start per week at design capacity
AL

New source says $1.9B versus $1.5 in prior listings.

Wafer start per week at design capacity
AL

Planned production of 60K wspm.

AJEBENS, 3/20/03:
Dan,
I think this is a duplicate of row 126.

Wafer start per week at design capacity
AL

Planned production of 20K wspm

Planned production of 30K wspm

ajebens, 11/1/01:
Solid State technology, 10/01, p.S32

ajebens:
Square feet

Planned production of 60K wspm.

Wafer start per week at design capacity
AL

AJEBENS, 9/02:
Reports from Deutsche Banc Alex Brown suggest that Intel is pushing out eqpt deliveries to Fab11x

AJEBENS, 9/02:
Will reach 25kpm end 02

Dan:
From: "Chen, Mung" <mung.chen@intel.com> 
To: "G. Dan Hutcheson" <gdanh@vlsiresearch.com>, 
X-OriginalArrivalTime: 21 Mar 2003 20:39:34.0750 (UTC) 

Dan,
 
Let me give you a pair of recent data:
 
                                Itanium (R)-2nd        Itanium (R) - 3rd
 
Announced at            ISSCC 02                ISSCC 03
 
Tech node                180nm                      130nm
 
Transistor count        221M                        410M
 
Die size, mm2           465                           374
 
Density Mxtor/mm2    0.48                        1.1
 
The density for CPUs at a given tech node will vary depending on cache size, lay-out, whether you do a "dumb-shrink" or "compaction", etc..  So far the doubling-per-tech-node trend has been the case.  Note that we are already at 410M per chip. The Carbon Nanotube guys are at 2-transistor level.  HP's molecular electronics is at 64-bit level: only the "bits" are "molecular", i.e. molecule that exhibits "on/off" behavior;  the I/O's are silicon CMOS.   We've said publicly that 1-billion-transistor by 2007 using linear extrapolation of 2-year-Moore's-Law. We are going a little faster than that. The 410M-transistor chip was done on our 130nm node. What do you think we may get with 90nm?
 
Mung

8088 was introduced in 79.  The difference was that it was an 8 bit MPU instead of a 16 bit.  According to Howard High at Intel.  The total # of transistors was roughly the same and the speed was the same for both chips. -- GDH 3/31/97

Dan:
From: "Chen, Mung" <mung.chen@intel.com> 
To: "G. Dan Hutcheson" <gdanh@vlsiresearch.com>, 
X-OriginalArrivalTime: 21 Mar 2003 20:39:34.0750 (UTC) 

Dan,
 
Let me give you a pair of recent data:
 
                                Itanium (R)-2nd        Itanium (R) - 3rd
 
Announced at            ISSCC 02                ISSCC 03
 
Tech node                180nm                      130nm
 
Transistor count        221M                        410M
 
Die size, mm2           465                           374
 
Density Mxtor/mm2    0.48                        1.1
 
The density for CPUs at a given tech node will vary depending on cache size, lay-out, whether you do a "dumb-shrink" or "compaction", etc..  So far the doubling-per-tech-node trend has been the case.  Note that we are already at 410M per chip. The Carbon Nanotube guys are at 2-transistor level.  HP's molecular electronics is at 64-bit level: only the "bits" are "molecular", i.e. molecule that exhibits "on/off" behavior;  the I/O's are silicon CMOS.   We've said publicly that 1-billion-transistor by 2007 using linear extrapolation of 2-year-Moore's-Law. We are going a little faster than that. The 410M-transistor chip was done on our 130nm node. What do you think we may get with 90nm?
 
Mung
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Moore's 2nd Law: Fact of Fiction?
First published back in 1989 by VLSI, this chart was used then to show the tendency of fab costs to double every two nodes.  In the early nineties, VLSI predicted that this trend would plateau, which happened.  Moore's Second Law was gaining mythological status, just as this was happening.   More recently it has risen with the introduction of 300mm.

($M)

Average Fab Cost in $M

History of Average Cost to Build & Equip a Wafer Fab
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(5Years)

Cost in $

Wafer Fab Depreciation Cost per Wafer
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(Cents)

Cost in Cents

Wafer Fab Depreciation Cost per Centimeter Squared
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(Nano $)

Cost in Nano $

Wafer Fab Depreciation Cost per Transistor
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Transistors per CM^2

Transistors per Sq. CM

Wafer Fab Production Capability



		Average Fab Costs				Depreciation

						Cost

		Year		Cost		Per Sq CM

				($M)		(5 Years)

		1965

		1966		3		$   0.57

		1967

		1968

		1969

		1970

		1971		4		$   0.34

		1972

		1973

		1974

		1975

		1976

		1977		9		$   0.17

		1978

		1979

		1980		25		$   0.48

		1981

		1982		50		$   0.96

		1983

		1984

		1985		100		$   0.63

		1986

		1987

		1988		300		$   1.32

		1989

		1990

		1991		650		$   3.07

		1992		700		$   3.30

		1993		925		$   2.45

		1994		1200		$   3.18

		1995		1241		$   3.29

		1996		1260		$   3.34

		1997		1375		$   3.65

		1998		1225		$   3.25

		1999		1266		$   3.36

		2000		1105		$   2.93

		2001		917		$   2.43

		2002		680		$   1.80

		2003		2512		$   1.48

		2004		2989		$   1.76

		2005e		2677		$   1.58
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Wafer Fab Cost Trends

3

4

9

25

50

100

300

650

700

925

1200

1241.4

1260

1375

1225

1266.0095510289

1104.7750455602

917.3945024976

679.5338884229

2512.0167484899

2989.2970452663

2677.2266778361



		



Depreciation Cost Per Sq CM (5 Years)

Year

Depreciation Cost per Square Inch of Capacity in $

Wafer Fab Cost Trends



		

		1965

		1966		3

		1967

		1968

		1969

		1970

		1971		4

		1972

		1973

		1974

		1975

		1976

		1977		9

		1978

		1979

		1980		25

		1981

		1982		50

		1983

		1984

		1985		100

		1986

		1987

		1988		300

		1989

		1990

		1991		650		0.000		1

		1992		700		0.6931471806		2

		1993		925		1.0986122887		3

		1994		1200		1.3862943611		4

		1995		1241		1.6094379124		5

		1996		1260		1.7917594692		6

		1997		1375		1.9459101491		7

		1998		1400.185478475		2.0794415417		8

		1999		1448.0315804646		2.1972245773		9

		2000		1490.8313771395		2.302585093		10

		SUMMARY OUTPUT

		Regression Statistics

		Multiple R		0.9570113996

		R Square		0.9158708189

		Adjusted R Square		0.8990449827

		Standard Error		92.3602964905

		Observations		7

		ANOVA

				df		SS		MS		F		Significance F

		Regression		1		464331.558160975		464331.558160975		54.4324101757		0.0007190539

		Residual		5		42652.1218390253		8530.4243678051

		Total		6		506983.68

				Coefficients		Standard Error		t Stat		P-value		Lower 95%		Upper 95%		Lower 95.0%		Upper 95.0%

		Intercept		555.4698406909		75.5988080903		7.3476005075		0.0007328759		361.1372353663		749.8024460154		361.1372353663		749.8024460154

		X Variable 1		406.2223538642		55.0598515427		7.3778323494		0.0007190539		264.6867308913		547.7579768371		264.6867308913		547.7579768371
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Moore’s Wall: Does the show really stop?
– It didn’t for Autos.

FORD MOTOR COMPANY'S EQUIVALENT TO MOORE'S LAW
(the early years of the auto industry)
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FORD MOTOR COMPANY'S EQUIVALENT TO MOORE'S LAW
(the early years of the auto industry)
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F 1 Moore's Law

		YEAR						TRANSISTORS										INITIAL		TRANSISTORS		K Trans																																																				Annual Shrinkage						TRANSISTORS

		IN						(K)										AREA		(K)		Per																																																										(Average, K)

		PRODUCTION		YEAR		Early IC'S		MPU's		DRAM's								MM^2				CM^2																																																				Average		MPU		DRAM				MPU		DRAM

		Jan-59		1959		0.001																																																																		1959.0								0.001

				1960																																																																				1960.0

				1961																																																																				1961.0

		Dec-61		1962		0.007						2.8																				6.964404506368992																																								1962.0		91%						0.007

		Jan-63		1963		0.017						4.1																				17.148375400580683																																								1963.0		143%						0.017

		Jun-64		1964		0.028						4.8																				27.857618025475972																																								1964.0		65%						0.028

		Feb-65		1965		0.06						5.9																				59.7141114583557																																								1965.0		114%						0.06

				1966																																																																				1966.0

				1967																																																																				1967.0

				1968																																																																				1968.0

				1969																																																																				1969.0

				1970		2.048																																																																		1970.0		103%						2.048

		Nov-1971		1971				2.3		3.8		4004.0				4004.0		18		2		0.0013												1971		1972		1974		1976		1978		1979		1981		1982		1984		1985		1987		1989		1990		1993		1993		1995		1995		1996		1997		1971.0		49%		12%		86%				2.3		3.8

		Feb-1972		1972				4.0				6800.0																						2.3		4.0		6.0				28.0		68.0				134.0		190.0		275.0		273.0		1200.0		1170.0		3300.0		2800.0		5500.0		3600.0		6900.0		15950.0		1972.0		74%		74%						4.0

				1973																																																																				1973.0

		Apr-1974		1974				6.0		10.0		8080.0				8080.0		40		6		0.0015												3.8				10.0		36.0						104.0						297.0				1180.0				4700.0								19000.0		76000.0		1974.0		30%		22%		38%				6.0		10.0

				1975																																																																				1975.0

		Jan-1976		1976						36.0																																																														1976.0		90%				90%						36.0

				1977																																																																				1977.0

		Jun-1978		1978				28.0				8086.0				8086.0		72		28		0.0039																																																		1978.0		47%		47%						28.0

		Jul-1979		1979				68.0				68000.0																																																												1979.0		143%		143%						68.0

				1980																																																																				1980.0

		Jan-1981		1981						104.0																																																														1981.0		24%				24%						104.0

		Feb-1982		1982				134.0				286.0				286.0		90		134		0.0149																																																		1982.0		25%		25%						134.0

				1983																																																																				1983.0

		May-1984		1984				190.0				68020.0																																																												1984.0		19%		19%						190.0

		Oct-1985		1985				275.0		297.0		386DX				386.0		107		297		0.0278																																																		1985.0		37%		45%		30%				275.0		297.0

				1986																																																																				1986.0

		Mar-1987		1987				273.0				68030.0																																																												1987.0

				1988																																																																				1988.0

		Apr-1989		1989				1200.0		1180.0		486DX				486DX2		168		1200		0.0714																																																		1989.0		43%		45%		41%				1200.0		1180.0

		Nov-1990		1990				1170.0				68040.0																																																												1990.0

				1991																												Also:																																								1991.0

				1992												Pentium		294		3300		0.1122																																																		1992.0

		Mar-1993		1993				3300.0		4700.0		Pentium																				Nov-1993		PwrPC601		2800.0																																				1993.0		35%		29%		41%				3300.0		4700.0

				1994												P Pro		309		5500		0.1783																																																		1994.0

		Nov-1995		1995				5500.0				Pentium Pro				P3		217		15950		0.7350										Dec-1995		PwrPC604		3600.0																																				1995.0		29%		29%						5500.0

		Dec-1996		1996				6900.0		19000.0		PwrPC620																																																												1996.0		42%		25%		59%				6900.0		19000.0

				1997				7500.0				Pentium III																																																												1997.0

		Dec-1998		1998				15950.0		76000.0		Pentium III				P4		243		49000		2.0146																																																		1998.0		76%		52%		100%				15950.0		76000.0

		Dec-1999		1999				24000.0				Pentium III				Itanium - 2		465		221000		4.7527																																																		1999.0						-100%						0.0

				2000						152000.0						Itanium - 3		374		410000		10.9626																																																		2000.0

		Jan-2001		2001				42000.0				Pentium 4																																																												2001.0		-31%		38%		-100%				42000.0		0.0

				2001

				2002				55000.0		304100.0		Pentium 4

				2003				220000.0				Intel Itanium

				2004

				2005				4100000.0		608200.0		Intel Itanium 2

		YEAR						TRANSISTORS

		IN						(K)				DRAM																																																												Average Annual Reduction Rate

		PRODUCTION																																																																						1959-1965		103%

																																																																								1966-1975		69%		36%		71%

		Jan-1971						3.8				1K																						0.0		1.0																																				1976-1985		55%		56%		48%

		Jun-1974						10.0				4K																						2.0		4.0																																				1986-1995		37%		32%		47%

		Jan-1976						36.0				16K																						4.0		16.0																																				1996-2001		29%		39%		-10%

		Jan-1981						104.0				64K																						6.0		64.0																																				1976-2001		45%		45%		21%

		Jan-1985						297.0				256K																						8.0		256.0																																				Average Months to Double Device Complexity

		Aug-1989						1180.0				1M																				1.15234375		10.0		1024.0																																				1959-1965		12

		Feb-1993						4700.0				4M																				1.1474609375		12.0		4096.0																																				1966-1975		17		33		17

		Sep-1996						19000.0				16M																				1.15966796875		14.0		16384.0																																				1976-1985		22		22		25

		Dec-1998						76000.0				64M																				1.15966796875				65536.0																																				1986-1995		32		38		25

		Jan-2000						152000.0				128M																				1.1598587036132812				131072.0																																				1996-2001		41		31		-118

		Jan-2002						304100.0				256M																				1.1600494384765625				262144.0																																				1976-2001		27		27		58

		Jan-2005						608200.0				512M																				1.1600494384765625				524288.0																																				1976-2001		0		0		0



8088 was introduced in 79.  The difference was that it was an 8 bit MPU instead of a 16 bit.  According to Howard High at Intel.  The total # of transistors was roughly the same and the speed was the same for both chips. -- GDH 3/31/97

G. Dan Hutcheson:
Gordon Moore's Paper in 1965.   With the exception of 1959's Transistor, all through 65 are bipolar logic. -- gdh 2/3/02

Source Intel.

G. Dan Hutcheson:
Gordon Moore's Paper in 1965.   With the exception of 1959's Transistor, all through 65 are bipolar logic. -- gdh 2/3/02

G. Dan Hutcheson:
Gordon Moore's Paper in 1965.   With the exception of 1959's Transistor, all through 65 are bipolar logic. -- gdh 2/3/02

G. Dan Hutcheson:
Gordon Moore's Paper in 1965.   With the exception of 1959's Transistor, all through 65 are bipolar logic. -- gdh 2/3/02

G. Dan Hutcheson:
Gordon Moore's Paper in 1965.   With the exception of 1959's Transistor, all through 65 are bipolar logic. -- gdh 2/3/02

Source Intel for their MPU's  Motorola MPUs come from them.
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Early IC'S

MPU's
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Five Decades of Moore's Law



F 2 CD's

								Annual		Annual				Ldg Edge		Quoted		Wafer		Pixels		Avg Trans		Leading Edge				nanometer		1/1000000000		1.0E-9

								Linear		Areal		Lithography		Selling		Throughput		Size		Per		Per		Trans Per		Efficiency

		CD (mils)		YEAR		CD (nm)		Shrink (%)		Shrink (%)		Method		Price $K						Sq CM		Sq CM		Sq CM																												YEAR		CD		Lithography Technology		Etch

																				(M)		(M)		(M)		Pxls/Trans																												(microns)

		10		1957		254000						Camel's Hair Brush, Hand Painting		1.0E-4		2				0.002																																1957.0		254.000		Camel's Hair Brush, Hand Painting		Wet

		5		1958		127000		50%		75%		Silk Screen Printer				10				0.006																																1958.0		127.000		Silk Screen Printer

		3		1959		76200		40%		64%		Contact Printer W/Emulsion Plates								0.02																																1959.0		76.200		Contact Printer W/Emulsion Plates

		2		1960		50800		33%		56%		Contact Printer W/Emulsion Plates								0.04																																1964.0		16.000		Contact Printer W/Chrome Plates

				1961																																																1972.0		8.000		Proximity Aligner

		1		1962		25400		29%		50%		Contact Printer W/Emulsion Plates		3.0						0.16																																1974.0		5.000		Projection Aligner		Barrel Plasma

		CD (microns)		1963																																																1982.0		2.000		g-line Stepper		Planar Plasma

		16		1964		16000		21%		37%		Contact Printer W/Chrome Plates								0.39																																1984.0		1.500				Reactive Ion Etching

				1965																		0.00004																														1988.0		1.000				High Density Plasma

				1966																		0.00006																														1990.0		0.800		i-line Stepper

				1967																		0.00006																														1997.0		0.250		248nm Scanner

				1968																		0.00015																														2003.0		0.090		193nm Scanner

		10		1969		10000		9%		17%		Contact Printer W/Chrome Plates		25.0						1		0.00053				1888

				1970																		0.00094

				1971																		0.00123

		8		1972		8000		7%		14%		Proximity Aligner				30				2		0.00144				1088

				1973																		0.00219

		5		1974		5000		21%		38%		Projection Aligner		130.0		30				4		0.00324				1236

				1975																		0.00303

		4		1976		4000		11%		20%		Projection Aligner		240.0		60				6		0.00303				2061

				1977																		0.00390

				1978																		0.00512

		3		1979		3000		9%		17%		Projection Aligner		350.0		120				11		0.00771				1442

		0		1980																		0.01005

				1981																		0.01924

		2.0		1982		2000		13%		24%		g-line Stepper		570.0		60				25		0.01881				1329

				1983																		0.02329

		1.50		1984		1500		13%		25%		g-line Stepper		650.0		90				44		0.02540				1750

				1985																		0.03794

		1.3		1986		1250		9%		17%		g-line Stepper		800.0						64		0.04249				1506

				1987																		0.06230

		1.0		1988		1000		11%		20%		g-line Stepper		1100.0						100		0.08675				1153

				1989																		0.12350

		0.8		1990		800		11%		20%		i-line Stepper		2200.0						156		0.15064				1037

				1991																		0.22772

				1992																		0.38828

		0.60		1993		600		9%		17%		i-line Stepper		3600.0		100				278		0.45275				614

				1994																		0.65179

		0.35		1995		350		24%		42%		i-line Stepper				100				816		0.89016				917

				1996																		1.25197

		0.25		1997		250		15%		29%		248nm Scanner		5000.0		100				1600		2.20782				725

				1998																		3.79873

				1999		180		15%		28%		248nm Scanner		8000.0		100				3086		6.10646				505

				2000																		10.27335

		0.13		2001		130		15%		28%		248nm Scanner				100				5917		14.41800				410

				2002										10000.0								20.51710

				2003		90		17%		31%		193nm Scanner				125				12346		29.07754				425

				2004																		34.21467

				2005		65		15%		28%		193nm Scanner		25000.0		150				23669		51.34984				461

		Average Annual Areal CD Reduction Rate

		1959-1965		52%

		1966-1975		22%

		1976-1985		22%

		1986-1995		23%

		1995-2001		28%

		1976-2001		24%

		Average Months to Double Device Complexity

		1959-1965		23

		1966-1975		54

		1976-1985		56

		1986-1995		52

		1991-2001		43

		1976-2001		50



Figure 1

Early IC'S

MPU's

DRAM's

Year

Components (K)

Moore's Law: Still going strong after 40 years.
(April 19, 1965 to 2005)



F 2 CD's

		



CD (nm)

Year
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F 3 averages

														Areal														Wafer

				Integration		Areal		Die Area				Yield		Reduction								Yield						Area

				Growth		Reduction		Increase				Reduction		as a % of total								Reduction

																										1965.0		285				19.049999999999997

		Average Annual Reduction Rate																								1968.0		506		-21%		25.4

		1959-1965		103%		52%		0%				0%		50%						1965.0		20.0				1970.0		791		-25%		31.75

		1966-1975		69%		22%		16%				6%		32%						1972.0		30.0		-6%		1975.0		3165		-32%		63.5

		1976-1985		55%		22%		13%				4%		39%						1980.0		40.0		-4%		1978.0		4558		-13%		76.19999999999999

		1986-1995		37%		23%		13%				4%		62%						1990.0		60.0		-4%		1982.0		7850		-15%		100.0

		1995-2001		29%		28%		2%				4%		97%						2000.0		85.0		-4%		1985.0		12266		-16%		125.0

		1976-2001		45%		24%		9%				4%		54%						1976-2001						1988.0		17663		-13%		150.0

																										1994.0		31400		-10%		200.0

		Average Months to Double Device Complexity

		1959-1965		12		23																Die				Die

		1966-1975		17		54																Area				Area

		1976-1985		22		56																K sq mils				K sq mils

		1986-1995		32		52

		1991-2001		41		43														1959.0		2.0				2.0

		1976-2001		27		50														1962.0		2.0		0%		2.0

																Die				1964.0		6.0		-73%		6.0

																area				1969.0		12.0		-15%		12.0

																MM^2				1970.0		14.0		-17%		14.0

												4004.0		1971.0		18				1972.0		16.0		-7%		16.0

												8080.0		1974.0		40		-30%		1975.0		32.0		-26%		32.0		178.88543819998318		0.7042733787400913		0.4960009920019841

												8086.0		1978.0		72				1978.0				-16%

												286.0		1982.0		90				1982.0				-6%

												386.0		1985.0		107				1985.0				-6%

												486DX2		1989.0		168				1989.0				-12%

												Pentium		1993.0		294				1993.0				-15%

												P Pro		1995.0		309				1995.0				-2%



Source: Intel, Joann Hasegawa

8088 was introduced in 79.  The difference was that it was an 8 bit MPU instead of a 16 bit.  According to Howard High at Intel.  The total # of transistors was roughly the same and the speed was the same for both chips. -- GDH 3/31/97



DRAM Prc-p-bit

		DRAM MARKET HISTORY

		YEAR		UNITS SHIPPED		BITS		SALES ($)				YEAR		PRICE PER GIGABIT ($)		PRICE PER BIT (Nano-$)		TRANSISTORS (tera-units)		PRICE PER TRANSISTOR (micro-$)				SHIPMENTS (M units)		TERABITS						SALES ($B)		REAL SALES (1971 $B)

		1971		1.00E+06		1.02E+09		1.30E+07				1971		12695313		12695312.50		0.0		4231.771				1.0		0.0				1971.0		0.013		0

		1972		4.00E+06		4.10E+09		3.90E+07				1972		9521484		9521484.38		0.0		3173.828				4.0		0.0				1972.0		0.039		0

		1973		8.00E+06		8.19E+09		6.00E+07				1973		7324219		7324218.75		0.0		2441.406				8.0		0.0				1973.0		0.060		0

		1974		1.80E+07		2.15E+10		9.70E+07				1974		4510789		4510788.69		0.1		1605.535				18.0		0.0				1974.0		0.097		0

		1975		2.50E+07		4.10E+10		1.15E+08				1975		2807617		2807617.19		0.1		1123.047				25.0		0.0				1975.0		0.115		1

		1976		4.25E+07		1.37E+11		2.05E+08				1976		1493995		1493994.87		0.3		730.640				42.5		0.1				1976.0		0.205		2

		1977		4.93E+07		1.86E+11		2.64E+08				1977		1422022		1422021.51		0.4		749.673				49.3		0.2				1977.0		0.264		2

		1978		1.07E+08		6.43E+11		3.76E+08				1978		585066		585066.12		1.0		384.570				107.1		0.6				1978.0		0.376		8

		1979		1.47E+08		1.48E+12		4.38E+08				1979		295805		295805.24		1.8		247.245				147.0		1.5				1979.0		0.438		19

		1980		2.34E+08		3.38E+12		5.69E+08				1980		168536		168536.26		3.5		161.202				234.0		3.4				1980.0		0.569		43

		1981		2.41E+08		3.99E+12		6.30E+08				1981		157955		157954.91		4.1		154.388				241.0		4.0				1981.0		0.630		51

		1982		3.18E+08		9.45E+12		8.80E+08				1982		93157		93157.18		9.5		92.575				318.0		9.4				1982.0		0.880		120

		1983		5.99E+08		2.83E+13		1.32E+09				1983		46490		46489.86		28.4		46.429				598.8		28.3				1983.0		1.317		360

		1984		9.71E+08		6.40E+13		3.62E+09				1984		56554		56554.27		64.0		56.536				971.0		64.0				1984.0		3.620		813

		1985		7.52E+08		8.95E+13		1.50E+09				1985		16720		16719.96		89.5		16.719				752.0		89.5				1985.0		1.496		1136

		1986		8.49E+08		1.45E+14		1.53E+09				1986		10572		10572.01		144.7		10.572				849.1		144.7				1986.0		1.529		1837

		1987		8.49E+08		2.15E+14		2.36E+09				1987		10981		10980.78		214.8		10.981				849.0		214.8				1987.0		2.359		2728

		1988		1.18E+09		3.38E+14		6.39E+09				1988		18917		18917.26		337.8		18.917				1176.0		337.8				1988.0		6.390		4288

		1989		1.23E+09		6.10E+14		8.44E+09				1989		13837		13836.91		610.0		13.837				1227.6		610.0				1989.0		8.441		7745

		1990		1.32E+09		9.39E+14		6.36E+09				1990		6772		6772.14		938.6		6.772				1315.1		938.6				1990.0		6.356		11916

		1991		1.27E+09		1.56E+15		6.60E+09				1991		4243		4243.48		1556.5		4.243				1274.2		1556.5				1991.0		6.605		19760

		1992		1.49E+09		2.91E+15		8.52E+09				1992		2929		2929.42		2909.4		2.929				1493.4		2909.4				1992.0		8.523		36936

		1993		1.50E+09		4.23E+15		1.31E+10				1993		3109		3108.68		4227.0		3.109				1499.4		4227.0				1993.0		13.140		53663

		1994		1.95E+09		8.28E+15		2.34E+10				1994		2827		2827.10		8283.2		2.827				1947.2		8283.2				1994.0		23.417		105157

		1995		2.52E+09		1.41E+16		4.08E+10				1995		2898		2898.33		14088.4		2.898				2515.4		14088.4				1995.0		40.833		178856

		1996		2.78E+09		2.42E+16		2.51E+10				1996		1040		1040.25		24159.8		1.040				2782.8		24159.8				1996.0		25.132		306716

		1997		3.37E+09		4.57E+16		1.98E+10				1997		433		433.45		46280.8		0.428				3367.8		45675.3				1997.0		19.798		579863

		1998		3.42E+09		8.04E+16		1.40E+10				1998		174		174.29		89881.7		0.156				3419.9		80389.0				1998.0		14.011		1020564

		1999		3.04E+09		1.41E+17		2.07E+10				1999		147		147.13		140785.0		0.147				3043.6		140785.0				1999.0		20.71		1787309

		2000		4.00E+09		2.69E+17		2.89E+10				2000		107		107.46		269005.6		0.107				3995.3		269005.6				2000.0		28.907		3415110

		2001		4.06E+09		4.17E+17		1.12E+10				2001		27		26.86		416967.3		0.027				4059.9		416967.3				2001.0		11.199		5293531

		2002		4.07E+09		5.88E+17		1.53E+10				2002		26		25.96		587509.1		0.026				4065.8		587509.1				2002.0		15.254		7458612

		2003		4.33E+09		8.37E+17		1.67E+10				2003		20		19.93		837151.8		0.020				4331.3		837151.8				2003.0		16.688		10627904

		2004		6.88E+09		1.53E+18		2.68E+10				2004		18		17.58		1527145.0		0.018				6878.2		1527145.0				2004.0		26.842		19387583

		2005		6.45E+09		2.11E+18		3.20E+10				2005		15		15.19		2106545.9		0.015				6449.2		2106545.9				2005.0		32.000		26743259

		2006		6.20E+09		3.44E+18		2.64E+10				2006		8		7.66		3443753.3		0.008				6199.1		3443753.3				2006.0		26.377		43719524



Taken from Dec 98 Blue Book.  LC 11/5/99



DRAM Prc-p-bit

		



UNITS SHIPPED

BITS

SALES ($)

YEAR

DRAM MARKET HISTORY



Trans Ana

		



PRICE PER GIGABIT ($)

YEAR

DOLLARS

DRAM PRICE PER GIGABIT HISTORY



1 Trans

																																																																		WSTS

		Year		VLSI R Total Number of Transistors		REAL Semiconductor SALES (1954 $T)		Semiconductor Revenues		Average Price Per Transistor		Average Price Per Transistor		Growth		W.W. Silicon Shipped		W.W. Units Shipped		Average Price Per Unit		Growth		Average Transistors Per Unit		Growth in xistors per Unit				Average Area per Transistor		Growth		Transistors per Sq CM		Growth		Leading Edge Trans per Sq CM		Total Number of DRAM Trans		Total Number of DRAMs		DRAM Transistors per Unit		Growth in DRAM trans per Unit		Total IC Transistors		Total Number of ICs		IC Transistors per Unit		Growth in IC trans per Unit		Ratio Trans to DRAM Growth		ADJ		Total Number of Discretes				Semiconductor Revenues		Total Number of Transistors		Average Price Per Transistor		Average Price Per Transistor								% of xistors Germanium		Germanium Transistors		Silicon Transistors		Total Transistors		ICs				Average Price Per Unit

								(ww in $M)		($)		(Nano-$)				(MCM^2)		(M Units)												Square Microns										(Units)		(Units)		(Units)						(M Units)										(M Units)				(ww in $M)		(Units)		($)		(Micro-$)										(MU)		(MU)		(MU)		(MU)

		1947.0																																																																Invention of Transistor

		1954.0				0		7		5.515915658		5515915658																																																				5.1		1.31E+06		5.51591566		5515915.66																				0.0

		1955.0		3.20E+06		0		17		4.764389874		4764389874		-13.6%				3		5.45				1.0000E+00		0.0%																																						12.3		3.66E+06		4.76438987		4764389.87																				545.0334398093113

		1956.0		6.26E+06		0		52		4.126301944		4126301944		-13.4%				6		8.38		53.8%		1.0000E+00		0.0%																																						37.0		1.27E+07		4.12630194		4126301.94																				838.0991619707326

		1957.0		9.38E+07		0		244		3.445674819		3445674819		-16.5%				94		2.60		-69.0%		1.0000E+00		0.0%																																						172.0		7.08E+07		3.44567482		3445674.82																				260.01213901836195

		1958.0		1.21E+08		0		319		3.403135624		3403135624		-1.2%				121		2.64		1.5%		1.0000E+00		0.0%																																						225.0		9.38E+07		3.40313562		3403135.62																				263.8907897158198

		1959.0		2.13E+08		0		518		3.597366557		3597366557		5.7%				213		2.44		-7.7%		1.0000E+00		0.0%																																						389.0		1.44E+08		3.59736656		3597366.56																				243.55604125086904

		1960.0		3.16E+08		0		758		2.752238163		2752238163		-23.5%		5		316		2.40		-1.6%		1.0000E+00		0.0%				1,509,671.29				38																														650.0		2.75E+08		2.75223816		2752238.16								43.2%		119.0		8.8		127.8						239.6559271188743

		1961.0		4.46E+08		0		839		1.881241840		1881241840		-31.6%		5		356		2.36		-1.6%		1.2542E+00		25.4%				1,106,663.50		-27%		54		44%																												700.0		4.46E+08		1.88124184		1881241.84								39.9%		177.9		13.0		190.9		5.0				235.94099775095626

		1962.0		9.36E+08		0		977		1.689134864		1689134864		-10.2%		6		723		1.35		-42.7%		1.2953E+00		3.3%				654,555.59		-41%		96		77%																												700.0		5.79E+08		1.68913486		1689134.86								36.9%		213.7		26.6		240.3		10.0				135.25058246408204

		1963.0		1.32E+09		0		1298		1.471319587		1471319587		-12.9%		12		986		1.32		-2.7%		1.3377E+00		3.3%				876,226.84		34%		82		-15%																												900.0		8.82E+08		1.47131959		1471319.59								28.3%		249.4		50.6		300.0		20.0				131.61224304687263

		1964.0		1.66E+09		0		1569		1.336458146		1336458146		-9.2%		26		1203		1.30		-0.9%		1.3816E+00		3.3%				1,553,238.12		77%		49		-41%																												1000.0		1.17E+09		1.33645815		1336458.15								24.6%		288.8		118.1		406.9		51.0				130.39403911658292

		1965.0		2.45E+09		0		1942		0.790997826		790997826		-40.8%		49		1721		1.13		-13.4%		1.4269E+00		3.3%				2,013,728.21		30%		43		-12%																												1300.0		2.45E+09		0.79099783		790997.83								13.6%		333.6		274.5		608.1		94.0				112.86500106418814

		1966.0		7.01E+09		0		2594		0.369898126		369898126		-53.2%		104		2458		1.06		-6.5%		2.8537E+00		100.0%				1,476,802.13		-27%		64		50%																												1600.0		7.01E+09		0.36989813		369898.13								5.3%		368.7		487.2		855.9		173.0				105.55891799531763

		1967.0		2.42E+10		0		2452		0.101254746		101254746		-72.6%		373		2303		1.06		0.9%		1.0514E+01		268.4%				1,542,063.98		4%		64		-0%																												1600.0		2.42E+10		0.10125475		101254.75								1.1%		270.3		489.5		759.8		272.0				106.46082763991156

		1968.0		8.65E+10		0		2597		0.030039416		30039416		-70.3%		580		2667		0.97		-8.5%		3.2418E+01		208.3%				671,211.27		-56%		149		132%																												1700.0		8.65E+10		0.03003942		30039.42								0.2%		199.3		684.1		883.4		367.0				97.38074378708393

		1969.0		3.58E+11		2		3062		0.008555719		8555719		-71.5%		676		3566		0.86		-11.8%		1.0035E+02		209.5%				188,805.27		-72%		530		256%																												2300.0		3.58E+11		0.00855572		8555.72																				85.85548427618744

		1970.0		9.07E+11		5		3270		0.003606948		3606948		-57.8%		960		3133		1.04		21.6%		2.8937E+02		188.4%				105,837.99		-44%		945		78%		1																										2350.0		9.07E+11		0.00360695		3606.95																				104.37280561761891

		1971.0		1.29E+12		7		3085		0.002399607		2399607		-33.5%		1042		2803		1.10		5.4%		4.5863E+02		58.5%				81071.5		-23%		1233		31%				3072000000		1000000		3072																						1.29E+12		0.00239961		2399.61																				110.05279680365298

		1972.0		1.90E+12		11		4309		0.002263069		2263069		-5.7%		1326		3539		1.22		10.6%		5.3796E+02		17.3%				69658.2		-14%		1436		16%				12288000000		4000000		3072		0.0%																				1.90E+12		0.00226307		2263.07																				121.74379838390688

		1973.0		4.08E+12		16		5669		0.002010316		2010316		-11.2%		1865		7083		0.80		-34.3%		5.7534E+02		6.9%				45765.2		-34%		2185		52%		2		24576000000		8000000		3072		0.0%																				2.82E+12		0.00201032		2010.32																				80.03783760888902

		1974.0		6.71E+12		23		7012		0.001678944		1678944		-16.5%		2072		11102		0.63		-21.1%		6.0410E+02		5.0%				30892.1		-32%		3237		48%				60416000000		18000000		3356.444444		9.3%								5%		54.0%										4.18E+12		0.00167894		1678.94																				63.158084360898194

		1975.0		6.19E+12		34		5603		0.000905840		905840		-46.0%		2044		8904		0.63		-0.4%		6.9467E+02		15.0%				33038.5		7%		3027		-6%				1.024E+11		25000000		4096		22.0%								15%		68.0%										6.19E+12		0.00090584		905.84																				62.92606776653451

		1976.0		9.16E+12		51		7237		0.000789998		789998		-12.8%		3020		11344		0.64		1.4%		8.0757E+02		16.3%				32968.2		-0%		3033		0%				2.80576E+11		42500000		6601.788235		61.2%								16%		26.6%										9.16E+12		0.00079000		790.00																				63.79752638028157

		1977.0		1.36E+13		75		8362		0.000616331		616331		-22.0%		3476		12949		0.65		1.2%		1.0478E+03		29.7%				25620.7		-22%		3903		29%		4		3.52154E+11		49300000		7143.075051		8.2%								30%		362.8%										1.36E+13		0.00061633		616.33																				64.57641516719438

		1978.0		2.01E+13		111		10753		0.000535143		535143		-13.2%		3927		15428		0.70		7.9%		1.3024E+03		24.3%				19541.8		-24%		5117		31%				9.77715E+11		107100000		9128.993464		27.8%								24%		87.4%										2.01E+13		0.00053514		535.14																				69.69614477197895

		1979.0		3.82E+13		164		13528		0.000454580		454580		-15.1%		4955		26657		0.51		-27.2%		1.4326E+03		10.0%				12974.5		-34%		7707		51%				1.77152E+12		147000000		12051.15646		32.0%								10%		31.2%										2.98E+13		0.00045458		454.58																				50.74830110608638

		1980.0		5.55E+13		243		18170		0.000412257		412257		-9.3%		5519		37886		0.48		-5.5%		1.4641E+03		2.2%				9950.6		-23%		10050		30%				3.52973E+12		234000000		15084.30769		25.2%								2%		8.7%										4.41E+13		0.00041226		412.26																				47.96004825039526

		1981.0		9.76E+13		360		19792		0.000303207		303207		-26.5%		5074		61251		0.32		-32.6%		1.5939E+03		8.9%				5196.9		-48%		19242		91%		15		4.08064E+12		241000000		16932.11618		12.2%								9%		72.4%										6.53E+13		0.00030321		303.21																				32.31310009518259

		1982.0		9.67E+13		533		19615		0.000202897		202897		-33.1%		5139		64281		0.31		-5.6%		2.1257E+03		33.4%				5315.7		2%		18812		-2%				9.50579E+12		318000000		29892.42767		76.5%								33%		43.6%										9.67E+13		0.00020290		202.90																				30.5146023612064

		1983.0		1.43E+14		790		24359		0.000170129		170129		-16.2%		6149		60531		0.40		31.9%		2.3654E+03		11.3%				4294.4		-19%		23286		24%				2.83656E+13		598800000		47370.77355		58.5%								11%		19.3%										1.43E+14		0.00017013		170.13																				40.24164697907467

		1984.0		2.39E+14		1316		35097		0.000147100		147100		-13.5%		9394		87911		0.40		-0.8%		2.7141E+03		14.7%				3937.2		-8%		25399		9%		28		6.40369E+13		971000000		65949.3965		39.2%				29280.7				15%		37.6%										2.39E+14		0.00014710		147.10																				39.92384665696434

		1985.0		2.50E+14		1381		30959		0.000123619		123619		-16.0%		6602		86570		0.36		-10.4%		2.8929E+03		6.6%				2636.1		-33%		37935		49%				8.94812E+13		752000000		118990.9787		80.4%				23839.4				7%		8.2%										2.50E+14		0.00012362		123.62																				35.76194579389732

		1986.0		3.36E+14		1856		38707		0.000115041		115041		-6.9%		7918		97861		0.40		10.6%		3.4382E+03		18.8%				2353.4		-11%		42492		12%				1.44661E+14		849100000		170369.6733		43.2%				29496.1				19%		43.7%										3.36E+14		0.00011504		115.04																				39.55366422862448

		1987.0		6.21E+14		3426		43618		0.000070231		70231		-39.0%		9969		105573		0.41		4.5%		5.8828E+03		71.1%				1605.2		-32%		62299		47%				2.14843E+14		849000000		253054.6431		48.5%				30708.8				71%		146.5%										6.21E+14		0.00007023		70.23																				41.31562076773164

		1988.0		1.01E+15		5580		57140		0.000056480		56480		-19.6%		11662		128356		0.45		7.7%		7.8820E+03		34.0%				1152.7		-28%		86750		39%		71		3.37773E+14		1176000000		287221.551		13.5%				36763.9				34%		251.7%										1.01E+15		0.00005648		56.48																				44.51689896839455

		1989.0		1.55E+15		8563		61924		0.000039888		39888		-29.4%		12570		135536		0.46		2.6%		1.1454E+04		45.3%				809.7		-30%		123505		42%				6.10035E+14		1227600000		496933.2864		73.0%				37429.6				45%		62.1%										1.55E+15		0.00003989		39.89																				45.68826168576004

		1990.0		2.08E+15		11466		62953		0.000030284		30284		-24.1%		13799		146716		0.43		-6.1%		1.4168E+04		23.7%				663.8		-18%		150642		22%				9.3858E+14		1315100000		713695.0632		43.6%				40606.3				24%		54.3%										2.08E+15		0.00003028		30.28																				42.9078249666554

		1991.0		3.00E+15		16549		65849		0.000021948		21948		-27.5%		13175		151194		0.44		1.5%		1.9844E+04		40.1%				439.1		-34%		227719		51%		112		1.55649E+15		1274200000		1221545.367		71.2%				41716.2				40%		56.3%										3.00E+15		0.00002195		21.95																				43.552748713017415

		1992.0		4.90E+15		27004		69603		0.000014217		14217		-35.2%		12609		148264		0.47		7.8%		3.3020E+04		66.4%				257.5		-41%		388278		71%				2.90943E+15		1493445000		1948135.683		59.5%				40035.3				66%		111.6%										4.90E+15		0.00001422		14.22																				46.94505736614585

		1993.0		6.81E+15		37588		86741		0.000012729		12729		-10.5%		15051		160695		0.54		15.0%		4.2406E+04		28.4%				220.9		-14%		452747		17%		178		4.22698E+15		1499399000		2819115.485		44.7%				43274.0				28%		63.6%										6.81E+15		0.00001273		12.73																				53.97901717323995

		1994.0		1.15E+16		63557		111167		0.000009648		9648		-24.2%		17678		181549		0.61		13.4%		6.3468E+04		49.7%				153.4		-31%		651790		44%		735		8.28316E+15		1947152000		4253987.389		50.9%				44998.4				50%		97.6%										1.15E+16		0.00000965		9.65																				61.232797223516144

		1995.0		1.97E+16		108484		153570		0.000007808		7808		-19.1%		22094		223345		0.69		12.3%		8.8059E+04		38.7%				112.3		-27%		890157		37%				1.40884E+16		2515432256		5600775.711		31.7%				49075.8				39%		122.4%										1.97E+16		0.00000781		7.81																				68.75918261288655

		1996.0		2.91E+16		160584		138894		0.000004771		4771		-38.9%		23254		216743		0.64		-6.8%		1.3432E+05		52.5%				79.9		-29%		1251974		41%				2.41598E+16		2782794693		8681848.628		55.0%				48986.5				53%		95.5%										2.91E+16		0.00000477		4.77																				64.08228925433764

		1997.0		5.59E+16		308567		141186		0.000002524		2524		-47.1%		25338		257449		0.55		-14.4%		2.1729E+05		61.8%				45.3		-43%		2207822		76%		2015		4.62808E+16		3367793527		13742169.89		58.3%				59888.0				62%		106.0%										5.59E+16		0.00000252		2.52																				54.84020135002534

		1998.0		1.02E+17		561772		126151		0.000001239		1239		-50.9%		26810		257956		0.49		-10.8%		3.9482E+05		81.7%				26.3		-42%		3798728		72%		4753		8.98817E+16		3419938918		26281677.87		91.2%		1.018E+17		58955.7		2.E+06		82%		89.5%										1.02E+17		0.00000124		1.24																				48.90411579315078

		1999.0		1.59E+17		878715		149379		0.000000938		938		-24.3%		26088		299816		0.50		1.9%		5.3134E+05		34.6%				16.4		-38%		6106456		61%		10963		1.40785E+17		3043623952		46255701.69		76.0%		1.593E+17		68119.1		2.E+06		35.4%		46.5%				208883.7						1.59E+17		0.00000094		0.94																				49.8234231483237

		2000.0		2.92E+17		1610647		204394		0.000000700		700		-25.4%		28423		373357		0.55		9.9%		7.8209E+05		47.2%				9.7		-41%		10273347		68%				2.69006E+17		3995312000		67330308.5		45.6%		2.920E+17		86514.6		3.E+06		44.3%		97.3%				258987.6						2.92E+17		0.00000070		0.70																				54.74485194312469

		2001.0		3.47E+17		1912962		138963		0.000000401		401		-42.8%		24054		293834		0.47		-13.6%		1.1803E+06		50.9%				6.9		-29%		14418000		40%				4.16967E+17		4059866000		102704705.3		52.5%		3.468E+17		68546.1		5.E+06		49.9%		95.0%		96.1%		202785.5																														47.292973926187855

		2002.0		5.53E+17		3049966		140719		0.000000254		254		-36.5%		26950		335632		0.42		-11.3%		1.6475E+06		74.1%				4.9		-30%		20517099		42%				5.87509E+17		4065774000		144501181.8		40.7%		5.529E+17		78555.4		7.E+06		39.1%		96.1%		1.03		232715.3																														41.92657140622125

		2003.0		8.57E+17		4726956		166426		0.000000194		194		-23.7%		29472		366731		0.45		8.2%		2.3368E+06		41.8%				3.4		-29%		29077538		42%				8.37152E+17		4331324000		193278500.5		33.8%		8.570E+17		90290.0		9.E+06		34.8%		103.2%		1.00		247469.2																														45.38083699828741

		2004.0		1.15E+18		6357268		213027		0.000000185		185		-4.8%		33685		435253		0.49		7.9%		2.6480E+06		13.3%				2.9		-15%		34214673		18%				1.52715E+18		6878244000		222025421		14.9%		1.153E+18		105708.4		1.E+07		14.9%		100.0%		0.97		290625.4																														48.94330965995427

		2005.0		1.78E+18		9839442		231969		0.000000130		130		-29.6%		34739		452506		0.51		4.7%		3.9421E+06		48.9%				1.9		-33%		51349837		50%				2.10655E+18		6449207545		326636395.4		47.1%		1.784E+18		112465.2		2.E+07		45.5%		96.5%		1.00		299444.7																														51.263229111015065

		2006.0		2.98E+18		16430218		213779		0.000000072		72		-44.8%		35793		442980		0.48		-5.9%		6.7242E+06		70.6%				217847532891.0		11186435306070%		0		-100%				3.44375E+18		6199144759		555520705.8		70.1%		2.979E+18		110421.9		3.E+07		70.1%		100.0%		1.00		290468.6																														48.25932672248883

		2007.0						228050		0.000000000		0		0.0%		37926		473816		0.48		-0.3%		0.0000E+00		-100.0%				0.0		0%		0		-100%																																																						48.13046367549037

		2008.0						268105		0.000000000		0		0.0%		41100		534260		0.50		4.3%		0.0000E+00		0.0%				0.0		0%		0		0%																																																						50.182553065273694

		2009.0						304350		0.000000000		0		0.0%		44932		604758		0.50		0.3%		0.0000E+00		0.0%				0.0		0%		0		0%																																																						50.32594101083724

																																																				0.E+00
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Here's the profitabily problem in chips.  Since 1995, ASPs have been on a steady decline
(all Semiconducor, including discretes).

Average Semiconductor Prices (in $)

Average Price-per-Chip



1 PPT

		Year		VLSI R Total Number of Transistors		World Motor Vehicle Production

				Units		Units		M Units

								10.2

		1955.0		3.20E+06		1.37E+07		13.7

		1956.0		6.26E+06		1.17E+07		11.7

		1957.0		9.38E+07		1.25E+07		12.5

		1958.0		1.21E+08		1.14E+07		11.4

		1959.0		2.13E+08		1.39E+07		13.9

		1960.0		3.16E+08		1.64E+07		16.4

		1961.0		4.46E+08		1.52E+07		15.2

		1962.0		9.36E+08		1.82E+07		18.2

		1963.0		1.32E+09		2.07E+07		20.7

		1964.0		1.66E+09		2.20E+07		22.0

		1965.0		2.45E+09		2.46E+07		24.6

		1966.0		7.01E+09		2.50E+07		25.0

		1967.0		2.42E+10		2.42E+07		24.2

		1968.0		8.65E+10		2.86E+07		28.6

		1969.0		3.58E+11		3.00E+07		30.0

		1970.0		9.07E+11		2.97E+07		29.7

		1971.0		1.29E+12		3.37E+07		33.7

		1972.0		1.90E+12		3.57E+07		35.7

		1973.0		4.08E+12		3.92E+07		39.2

		1974.0		6.71E+12		3.50E+07		35.0

		1975.0		6.19E+12		3.33E+07		33.3

		1976.0		9.16E+12		3.86E+07		38.6

		1977.0		1.36E+13		4.12E+07		41.2

		1978.0		2.01E+13		4.26E+07		42.6

		1979.0		3.82E+13		4.19E+07		41.9

		1980.0		5.55E+13		3.87E+07		38.7

		1981.0		9.76E+13		3.76E+07		37.6

		1982.0		9.67E+13		3.61E+07		36.1

		1983.0		1.43E+14		3.98E+07		39.8

		1984.0		2.39E+14		4.21E+07		42.1

		1985.0		2.50E+14		4.48E+07		44.8

		1986.0		3.36E+14		4.53E+07		45.3

		1987.0		6.21E+14		4.59E+07		45.9

		1988.0		1.01E+15		4.82E+07		48.2

		1989.0		1.55E+15		4.90E+07		49.0

		1990.0		2.08E+15		4.84E+07		48.4

		1991.0		3.00E+15		4.65E+07		46.5

		1992.0		4.90E+15		4.76E+07		47.6

		1993.0		6.81E+15		4.64E+07		46.4

		1994.0		1.15E+16		4.97E+07		49.7

		1995.0		1.97E+16		4.99E+07		49.9

		1996.0		2.91E+16		5.25E+07		52.5

		1997.0		5.59E+16		5.42E+07		54.2

		1998.0		1.02E+17		5.35E+07		53.5

		1999.0		1.59E+17		5.57E+07		55.7

		2000.0		2.92E+17		5.74E+07		57.4

		2001.0		3.47E+17		5.63E+07		56.3

		2002.0		5.53E+17		5.83E+07		58.3

		2003.0		8.57E+17		6.07E+07		60.7

		2004.0		1.15E+18		6.37E+07		63.7

		2005.0		1.78E+18		0.00E+00

		2006.0		1.64E+07		0.00E+00

		2007.0		0.00E+00		0.00E+00

		2008.0		0.00E+00		0.00E+00

		2009.0		0.00E+00		0.00E+00
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Transistor Production

World Motor Vehicle Production

Unitss

Worldwide Transistor Production



DiffRte

		

		Year		Average Price Per Transistor		Growth

				(Nano-$)

		1947.0

		1954.0		5515915658

		1955.0		4764389874		-13.6%

		1956.0		4126301944		-13.4%

		1957.0		3445674819		-16.5%

		1958.0		3403135624		-1.2%

		1959.0		3597366557		5.7%

		1960.0		2752238163		-23.5%

		1961.0		1881241840		-31.6%

		1962.0		1689134864		-10.2%

		1963.0		1471319587		-12.9%

		1964.0		1336458146		-9.2%

		1965.0		790997826		-40.8%

		1966.0		369898126		-53.2%

		1967.0		101254746		-72.6%

		1968.0		30039416		-70.3%

		1969.0		8555719		-71.5%

		1970.0		3606948		-57.8%

		1971.0		2399607		-33.5%

		1972.0		2263069		-5.7%

		1973.0		2010316		-11.2%

		1974.0		1678944		-16.5%

		1975.0		905840		-46.0%

		1976.0		789998		-12.8%

		1977.0		616331		-22.0%

		1978.0		535143		-13.2%

		1979.0		454580		-15.1%

		1980.0		412257		-9.3%

		1981.0		303207		-26.5%

		1982.0		202897		-33.1%

		1983.0		170129		-16.2%

		1984.0		147100		-13.5%

		1985.0		123619		-16.0%

		1986.0		115041		-6.9%

		1987.0		70231		-39.0%

		1988.0		56480		-19.6%

		1989.0		39888		-29.4%

		1990.0		30284		-24.1%

		1991.0		21948		-27.5%

		1992.0		14217		-35.2%

		1993.0		12729		-10.5%

		1994.0		9648		-24.2%

		1995.0		7808		-19.1%

		1996.0		4771		-38.9%

		1997.0		2524		-47.1%

		1998.0		1239		-50.9%

		1999.0		938		-24.3%

		2000.0		700		-25.4%

		2001.0		401		-42.8%

		2002.0		254		-36.5%

		2003.0		194		-23.7%

		2004.0		185		-4.8%

		2005.0		130		-29.6%

		2006.0		72		-44.8%

		2007.0		0		0.0%

		2008.0		0		0.0%

		2009.0		0		0.0%



RESTRICTED DATA: for access and use only within your company, as per your company's agreement with VLSI Research Inc.  
Copyright © 2005 by VLSI Research Inc.
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Integrated Circuit Invented
(1958)

Moore's first paper
(Electronics '65)

Moore's second paper
(IEDM '75)

Average Price Per Transistor for all Semiconductors
(in Nanodollars)

Moore's 
"No Exponential is Forever" paper
(VMIC '93)

Moore's 
"But, Forever can be Delayed"
 paper
(ISSCC '03)

First Commercial IC's sold
(1963)



M2L

		

																																										TCI		30509.02

				DIFFUSION RATES

		YEAR		IC ONLY

				EQPT INTO		SEMI		ELECTRONICS

				SEMI

				($M)		($M)		($M)

		1960		28		758		16558

		1961		34		839		19338

		1962		42		977		22125

		1963		61		1298		24445

		1964		79		1569		25942

		1965		105		1942		28847

		1966		165		2594		33422

		1967		108		2452		36127

		1968		105		2597		38268

		1969		162		3062		43900

		1970		255		3270		43050

		1971		186		3085		45926

		1972		261		4309		55268

		1973		348		5669		73260

		1974		386		7012		87950

		1975		272		5603		90020

		1976		477		7237		95000

		1977		645		8362		99700

		1978		925		10753		122200

		1979		1477		13528		146300

		1980		2228		18170		173400

		1981		2442		19792		214500

		1982		2740		19615		269008

		1983		3777		24359		311021

		1984		6222		35097		359022

		1985		5747		30959		374288

		1986		5063		38707		407127

		1987		5559		43618		462721

		1988		8106		57140		512863

		1989		9308		61924		557741

		1990		9778		62953		591594

		1991		10430		65849		600323

		1992		10045		69603		624247

		1993		12641		86741		660576

		1994		18847		111167		715027

		1995		30550		153570		777210

		1996		34867		138894		832754

		1997		34694		141186		892169

		1998		26069		126151		945021

		1999		32131		149379		1042163

		2000		55814		204394		1188590

		2001		35465		138963		1093968

		2002		26749		140719		1029581

		2003		29246		166426		1109888

		2004P		45202		213027		1261842

		2005F†		46980		231969		1385843
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Chips and Equipment have been tracking Electronics growth rates since 1995, albeit with higher volatility.

Electronics

Chips

Chip Equipment

(Revenues in $M)

Hi-Tech Revenues Worldwide
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																								Last Update:				27-Mar-03		TCI		30327.03

		Year		Cost				Wafer Size		WSM

								(mm)		K

		1965.0

		1966.0		3				51		4

		1967.0

		1968.0

		1969.0

		1970.0

		1971.0		4				76		4

		1972.0

		1973.0

		1974.0

		1975.0

		1976.0

		1977.0		9				102		11

		1978.0

		1979.0

		1980.0		25				102		11

		1981.0

		1982.0		50				102		11

		1983.0

		1984.0

		1985.0		100				125		22

		1986.0

		1987.0

		1988.0		300				150		22

		1989.0

		1990.0

		1991.0		650				150		20

		1992.0		700				150		20

		1993.0		925				200		20

		1994.0		1200				200		20

		1995.0		1241				200		20

		1996.0		1260				200		20

		1997.0		1375				200		20

		1998.0		1225				200		20

		1999.0		1266				200		20

		2000.0		1105				200		20

		2001.0		917				200		20

		2002.0		680				200		20

		2003F		2512				300		40

		2004F		2989				300		40

		2005F		2677				300		40



Here, the blue line that matches long-term electronics growth has been copied and overlaid on the  Chips and Equipment  Revenue lines.  Note how they  appear to have reached saturation.  After 8 years of tracking electronics, it is safe to say that a new and slower growth trend has emerged for Chips and Equipment.

So far, the trend in volatility has been to grow.  The reason is that companies have been running a strategy of market share rather than profits.     - - Dan

2001

2002
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Moore's 2nd Law: Fact of Fiction?
First published back in the '80's by VLSI, this chart was used then to show the tendency of fab costs to double every two nodes.  The trend was first named "Hutcheson's Law" in 1989 by Hartwig Ruell of Siemens; then "Rock's Law" in 1994 by Ken Thompson of Intel; and finally "Moore's 2nd Law" by Business Week in 1996.  In the early nineties, VLSI predicted that this trend would plateau, which happened.  Ironically, Moore's Second Law gained mythological status just it was dieing.  More recently it has risen with the introduction of 300mm.

Copyright © 2005 by VLSI Research Inc.  All Rights Reserved

($M)

Average Fab Cost in $M

History of Average Cost to Build & Equip a Wafer Fab
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Moore's 2nd Law: Fact of Fiction?
Moore's Law is about transistors doubling every node for the same cost of manufacturing.  So any analysis of fab costs should account for fab productivity, which has grown 5 orders-of-magnitude.  This is why it makes so much sense to spend so much on a fab.

Copyright © 2005 by VLSI Research Inc.  All Rights Reserved

Transistors per CM^2

Transistors per Sq. CM

Wafer Fab Production Capability

347.22222222222223

11111.111111111111

27498.597046143517

56696.22765523005

148888.88888888888

277570.09345794393
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986466.6902628773

1052263.52682534

1122448.979591837

1413466.1415308395

1779935.2750809062

2855637.816387719

4581440.377382797

7350230.414746543

1.0289570279973026E7

1.440434524801969E7

2.016460905349794E7

3.0957406051287804E7
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																								Last Update:				31-Dec-99				TCI		30327.08

																																																								y





FORDARCH

		

		1965

		1966

		1967

		1968

		1969

		1970

		1971

		1972

		1973

		1974

		1975

		1976

		1977

		1978

		1979

		1980

		1981

		1982

		1983

		1984

		1985

		1986

		1987

		1988

		1989

		1990

		1991

		1992

		1993

		1994

		1995

		1996

		1997

		1998

		1999

		2000

		2001

		2002

		2003F



Moore's 2nd Law: Fact of Fiction?
Account for the effect of increasing productivity in fab costs and the results are astounding: Fab cost per transistor has decreased by 4 orders-of-magnitude since Moore's Law was discovered.  This is why Moore's Law works and shows the true value the chip making industry has added.  Note that the rate of decline accelerated in the nineties and is still going strong, in spite of all the warnings of Moore's Law being dead by some pundits.
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($M)

Cost in Nano $

Wafer Fab Depreciation Cost per Transistor

3.130700636942675E8

7108294.4713660125

1148873.8796282867

331543.5854181909

234978.23243046177

190233.5456475584

298448.0486227201

301308.4663013544

209959.46728430802

216299.82855147336

177691.99768384482

112415.90457936034

76464.70159624849

42461.51388694767

35164.886977055525

29184.399839452726

19859.707229240288

4725.819658929659

2177.048880603456
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		Filename: M:\109sciam\FORDARCH.WK1

		Ford Motor Co. Archives, Dearborn, MI

		FY Year Ending Sept 30

		Year		Average		Average		Average		1000		Cars Sold

				Price		Cost		Profit

		1904		506.75		394.48		112.27		1.708		1708

		1905		845.10		715.55		129.55		1.695		1695

		1906		760.72		685.62		75.10		1.599		1599

		1907		593.71		473.20		120.51		8.423		8423

		1908		574.85		410.01		164.84		6.398		6398

		1909		650.86		446.83		204.03		10.607		10607

		1910		784.36		504.25		280.11		18.664		18664

		1911		575.37		415.71		159.66		34.528		34528

		1912		445.35		308.50		136.85		78.44		78440

		1913		361.72		242.61		119.11		168.304		168304

		1914		341.21		241.60		99.61		248.307		248307

		1915		354.08		246.22		107.86		288.728		288728

		1916		345.75		237.67		108.08		472.35		472350

		1917		287.28		246.06		41.22		730.041		730041

		1918		241.81		204.96		36.85		656.165		656165

		1919		384.00		296.14		87.86		487.802		487802

		1920		407.19		320.86		86.33		635.226		635226

		1921		412.46		309.05		103.41		690.755		690755

		1922		442.75		343.03		99.72		933.72		933720
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Average Price

Average Cost

Average Profit

YEAR

DOLLARS PER UNIT SOLD

FORD MOTOR COMPANY'S EQUIVALENT TO MOORE'S LAW
(the early years of the auto industry)



		



Source: Ford Motor Co. Archives, Dearborn, MI
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Source: Semiconductor Industry Association

Year

Worldwide Transistor Production in Units

World Wide Transistor Production
(Merchant Producers only)
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• It’s still alive and well, with no signs of abating.

• Saturation is slowing the industry’s growth.

• Fab costs are not a threat.

• Even if Moore’s Wall does appear . . .
THE SHOW MUST AND WILL GO ON!

or . . . 
a sunset doesn’t mean there won’t be a new day.

Moore’s Law
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