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v1947- Bipolar point/junction
v1959- Planar bipolar [10]*
v1964- MOS (P-channel) [100]
v1972- MOS (N-channel) [1,000]
v1978- CMOS [4,000]
v1990- sub-micron [10,000]
v2000- 100 nm [100,000]
v2011- FinFET [1,000,000]
v2019- 7nm [10,000,000,000]

1947 ushered in the era of 
Microelectronics

Transistors have been shrunk
every 2 years according to 
Moore’s Law

size = ~1 inch

v size = 10 nm = 4x10-7 inches
v yields à ~1M devices per cm2*no. of transistors



© Jeff Drobman
2016-2023Viewing Transistors



© Jeff Drobman
2016-2023Transistor Atoms

Atoms in 7nm

Atomic radius = .111nm à 4.5 atoms/nm à 5/nm

Cubic:  5x5x5 = 125 atoms/cu nm

@7n:  ~1000 cu nm
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v Majority carrier = Holes
v Electron Acceptor

slow
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TTL compatible 5V à 3V

vBipolar
Ø RTLàDTLàTTL  à Schottky TTLà LS TTL

vMOS
Ø PMOSàNMOS à CMOS

SOURCE DRAIN

GATE

SUBSTRATE (VSS)

OXIDE (SiO2)

P/N channel

MOSFET

BiCMOS

5V à 3V

5V

1960 1965 1970 1975 1980 1985 1990

à CMOS (TTL I/O)à 3.3V 



© Jeff Drobman
2016-2023IC Technology

1940 1950 1960 1970 1980 1990 2000 2010 2020

IC

Transistor

LEGEND

TIMELINE

Transistor

ROM

MROM

IC

DRAM

RAM

MPU

Discrete SSI MSI LSI VLSI ULSI Mega

PROM

EPROM

EEPROMSRAM

Flash
EEPROM

Bipolar TTL MOS CMOS 3.3V CMOS
Fairchild Intel

AMD ASIC

FPGA Xilinx

LSI Logic

Fairchild
TI Intel



© Jeff Drobman
2016-2023Section



© Jeff Drobman
2016-2023Bipolar/MOSFET Transistors

v Current flows opposite electrons (C->E, S->D)
v B, G are inputs (H/L)
v B, G voltages turn transistor ON/OFF
v Outputs (not shown) are tied to C, D

v Faster
v Larger
v More power

v Slower
v Smaller
v Less power

Schematics
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BJT
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BJT
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BJT
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BJT
PLANAR
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BJT

Depletion Regions
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BJT
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RTL TTL

LOAD

Switch
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1T
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4T
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v Current flows opposite electrons (C->E, S->D)
v B, G are inputs (H/L)
v B, G voltages turn transistor ON/OFF
v Outputs (not shown) are tied to C, D

v Faster
v Larger
v More power

v Slower
v Smaller
v Less power

Schematics
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WikiSemi
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Parasitic capacitances

fT à lengths

P = 0.5CV2f
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MOSFET

Last 4 steps

SD
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MOSFET

CMOS

P/N Totem pole

Push-Pull

Push

Pull
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AND
SERIES
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OR
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MOSFET

P

N

P

N SERIES

PARALLEL
NEGATIVE OR
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Hardware Building Blocks
0- Transistors 1- Gates & FF’s

2-Single Functions Memory Cells

3-CPU 3-Multi-core CPU
Decoder

Mux
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Moore’s Law
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7 nm TSMC

Device/Xtor
Physical

Level

Digital:  MOSFET 
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Device/Xtor
Physical

Level
Digital:  MOSFET 
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SOI

INSULATOR

Digital:  MOSFET 
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Digital:  MOSFET 


