
The semiconductor 

roadmap…



� Steps (nb.: each step is ~0.7x, i.e. 2x in density)

Lithography* 90 nm 65 nm 45 nm 32 nm

Start prod. 2003 2005 2007 2009

λ 193 nm? 193 nm - -

gate length** 50 nm 35 nm 25 ~ 30 nm -

SRAM:

cell size 1.0 µm2 0.57µm2 0.35 µm2 -

density 50 Mb 70 Mb 153 Mb -

tr. # - > 0.5 G > 1G -

speed - 3.4 GHz - -

* Nominal feature size = DRAM (or minimum metal interconnect) 

half pitch

** Physical gate (not channel!) length

















[NEOC, summer08] 

� TSMC (Taiwan Semiconductor Manufacturing Co. Ltd.):

- 65 and 90 nm now in full production

- 45 nm realesed to production (full production in Q2)

- work in progress on 32 nm process



TMSC steps

� 0.13 µm process

- 12” wafer

- copper metallisation

� 90 nm process

- fluoridised silicate glass

- low K materials

� 65 nm process

- gate material: from cobalt silicide to nickel silicide 

� 45 nm process

- 193 nm immersion (wet) photolithography for critical 
layers

- extreme low K material (to reduce capacitance between 
metal layers)

� 32 nm process



� 22 nm process

- expected to enter production in 2012

� 16 nm process

- expected to enter production in 2018

- no way to scale CMOS to 16 nm

� UE FP7 project DUALLOGIC:

Ge PMOS + III-V NMOS on silicon substrate

- Ge: high mobility (but difficult to make n-channel) 

- III-V: high mobility (but difficult to make p-channel)

- III-V: e.g., InGaAs 

- susbstrate: 300 mm silicon wafers 







[Spectrum, Nov. 2013]

• Industry is now delivering integrated circuits with 

transistors that are made using 20- or 22-nanometer 

manufacturing process (with 193 nm laser light)

• But the relationship between node names and chip 

dimensions is far from straightforward
[yellow] transistor gate length 
[orange] metal half pitch (half the 
distance spanned by the width of 
a wire and the space to the next 
one on the densest metal layer
[red] node name


