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M. Nastasi, J.W. Mayer: lon Implantation and Synthesis of Materials (Springer, Berlin, 2006) p.2.
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ENIAC (Electronic Numerical Integrator and Computer)

Fig. 23.28. ENIAC, the first electronic computer (J.P. Eckert, J.W. Mauchly,
1944/5). The images show only a small part of the 18,000 vacuum tubes
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Marius Grundmann: The Physics of Semiconductors 2nd Ed. (Springer-Verlag, 2010, Berlin) p.746.
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Fig. 23.1. (a) Schematic image of a vacuum triode. The electron current flows
from the heated cathode to the anode when the latter is at a positive potential.
The flow of electrons is controlled with the grid voltage. (b) Bell Laboratories’ first
(experimental) transistor, 1947

M. Grundmann, The Physics of Semiconductors 2nd Ed. (Springer, Berlin, 2010) p.713.
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(a)

Fig. 23.2. (a) First commercial, developmental (point contact) transistor from
BTL (Bell Telephone Laboratories) with access holes for adjustment of the whiskers
pressing on a piece of Ge, diameter 7/32” =5 mm, 1948. (b) First high-performance
silicon transistor (npn mesa technology), model 2N697 from Fairchild Semicon-
ductor, 1958 (at $200, in 1960 $28.50). The product number is still in use
(now $0.95)

M. Grundmann, The Physics of Semiconductors 2nd Ed. (Springer, Berlin, 2010) p.714.
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G. S. May and C. J. Spanos: Fundamentals of Semiconductor Manufacturing and Process Control (2006, Wiley, NJ) p.63-70.
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D. Kahng: A Historical Perspective on the Development of MOS Transistors and Related Devices, IEEE Trans. Electron
Devices, ED-23 (1976) 655-657.
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Dawon Kahng: US Patent 3,102,230 (Filed 1960, Issued 1963).
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Marius Grundmann: The Physics of Semiconductors 2nd Ed. http://slideshow.techworld.com/3201497/the-11-
(Springer-Verlag, 2010, Berlin) p.747. most-influential-microprocessors-of-all-time/



Intel Pentium 4 (1.5 GHz)

Fig. 23.30. The Intel™ Pentium 4 microprocessor (2000), circuit lines: 0.18 pm,
42 million transistors, clock speed: 1.5 GHz

Marius Grundmann: The Physics of Semiconductors 2nd Ed. (Springer-Verlag, 2010, Berlin) p.748.
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Umesh K. Mishra: Semiconductor Device Physics and Design (2008, Springer, Berlin) p.xxi.
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Accelerated scaling of
planar transistors
130-nm node

90-nm node

70-nm length 65-nm node
(production in 2001) H
S\ 45-nm node

50-nm length
(production in 2003)
30-nm prototype
(production in 2005) ~ =

! Umesh K. Mishra and Jasprit
Singh: Semiconductor Device
32-nm node Physics and Design (Springer
m Verlag, 2008, Berlin) p.434.

20-nm prototype
(production in 2007)

15-nm prototype
(production in 2009)

FIGURE 1.6 Illustration of device scaling from the 130-nm node to the 32-nm node. (From Marcyk, G., INTEL
Corp., ftp://download.intel.com/technology/silicon/Marcyk_tri_gate_0902.pdf)

R. Doering and Y. Nishi (Ed.): Handbook of Semiconductor Manufacturing Technology 2nd Ed. (CRC, FL, 2008) p.1-8.
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Marius Grundmann:
The Physics of Semiconductors - An Introduction Including Nanophysics and Applications 2nd Ed.
(Springer, Berlin, 2010) p.548.
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Fig. 23.35. Scaling of MOSFET parameters gate oxide thickness {ox, power supply
voltage Vpp (across source—drain), threshold voltage Vi, total power loss per area
P, gate capacitance per channel width Cq and inverter delay 7, the time required to
propagate a transition through a single inverter driving a second, identical inverter,
commonly used as a means of gauging the speed of CMOS transistors. Data for (a)
from [1413] and for (b) selected from [1414]

M. Grundmann, The Physics of Semiconductors 2nd Ed. (Springer, Berlin, 2010) p.752.
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Fig. 23.36. Cross-section TEM image of 45 nm node PMOS transistor with high-k
Hf-containing gate oxide (dark) above a thin SiO2 layer (white). The role of the
stressor SiGe pockets is explained in Fig. 23.35. Adapted from [1419]

M. Grundmann, The Physics of Semiconductors 2nd Ed. (Springer, Berlin, 2010) p.753.
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Motorala V351

GaAs HBT
technology

Umesh K. Mishra: Semiconductor Device Physics and Design
(2008, Springer, Berlin) p.xxii-xxiii.

Current/Planned Technologies Band Frequency (MHz)
SMR iDEN 800 806-824 and 851-869
Cellular 824-849, 869-894, 896-901, 935-940

AMPS, GSM, IS-95 (CDMA), I1S-136 (D-AMPS), 3G

1850-1910 and 1930-1990

GSM, IS-95 (CDMA), 1S-136 (D-AMPS), 3G PCS
3G, 4G, MediaFlo, DVB-H 700 MHz 698-806
Unknown 1.4 GHz 1392-1395 and 1432-1435
3G, 4G AWS 1710-1755 and 2110-2170
BRS/EBS 2500-2690

4G
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Angus Rockett: The Materials Science of Semiconductors
(Springer, Berlin, 2008) p.183.

The Physics of Semiconductors - An Introduction Including Nanophysics and Applications 2nd Ed.

(Springer, Berlin, 2010) p.349.
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Applications 2nd Ed.

(Springer, Berlin, 2010) p.349.
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Principle of a modern LEC arrangement for growth of SI GaAs
crystals with controlled carbon content. 1 - crystal drive
assembly (pulling system), 2 — electronic weighing cell, 3 — optics,
4 - high-pressure vessel, 5 — main heater, 6 — growing crystal, 7 -

liquid boron oxide, 8 — melt, 9 — bottom heater, 10 - heat shield, 11
H. J. Scheel and T. Fukuda: Crystal Growth — crucible shaft drive assembly.

Technology (Wiley, NJ, 2010) p.298.
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