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U.S. Patent No. 6,797,572 
TSMC Products 

(TSMC 20nm and 28nm HKMG integrated 
circuit)
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1. A method for forming a field effect 
transistor over a substrate, said method 
comprising steps of: 

Integrated circuits manufactured using TSMC’s 20nm and 28nm High-K Metal Gate (HKMG) process 
node (the “TSMC Product”) are manufactured using a method of forming a field effect transistor over a 
substrate. 

For example, the Mstar MSDURP1602 integrated circuit (the “Mstar Chip”) is an exemplary TSMC 
Product. 

See e.g., TSMC28HKMG_008. 

The Mstar Chip is manufactured using TSMC’s 28nm HPC process node. 

See e.g., TSMC Shrinks 28nm CMOS Process, https://electronics360.globalspec.com/article/4553/tsmc-
shrinks-28nm-cmos-process.  

TSMC’s high performance technology nodes, including HP, HPL, and HPM, and HPC use high-k metal 
gate (HKMG) gate-last technology. 
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See Henry Hsieh, TSMC Technology and Innovation Platform for Mobile Computing (Nov., 2012), p.3, 
available at http://www.armtechforum.com.cn/2012/10_TSMC.pdf; TSMC, TSMC 28nm Technology in 
Volume Production, available at
https://www.tsmc.com/uploadfile/ir/BusinessRelease/20111024161709877_sw3I/Oct24_2011_E.pdf. 

See e.g., TSMC Shrinks 28nm CMOS Process, https://electronics360.globalspec.com/article/4553/tsmc-
shrinks-28nm-cmos-process.  

Case 1:19-cv-00308-MN   Document 1-9   Filed 02/13/19   Page 4 of 26 PageID #: 160



U.S. Patent No. 6,797,572: Claim 1 
"1. A method for forming a field effect transistor over a substrate, said method comprising steps of:" 

Page 4 of 25

See e.g., TSMC, 28nm Technology, 
http://www.tsmc.com/english/dedicatedFoundry/technology/28nm.htm. 

TSMC Products share substantially similar structure, function, operation, and implementation with respect 
to the claims at issue. For example, the 20nm technology node is a die shrink of the 28nm HKMG 
technology node.  

See e.g., Semiconductor Manufacturing & Design Community, “TSMC 20nm Arrives – The First Shoe 
Drops,” https://semimd.com/chipworks/2014/07/21/tsmc-20nm-arrives-the-first-shoe-drops/. 
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See e.g., IC Knowledge TSMC Structural Parameters, 
https://www.semiwiki.com/forum/attachments/content/attachments/18720d1481580837-tsmc-
structure.pdf. 
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See e.g., Technology and Cost Trends at Advanced Nodes, IC Knowledge, pg. 6, 
https://www.icknowledge.com/news/Technology%20and%20Cost%20Trends%20at%20Advanced%20N
odes%20-%20Revised.pdf.

The TSMC Product comprises field effect transistors (FETs) formed over a substrate. For example, the 
Mstar Chip comprises FETs formed ever a substrate. 
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See e.g., TSMC28HKMG_010. 
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forming an interfacial oxide layer over a 
channel region of said substrate, said 
interfacial oxide layer having a first thickness;

The TSMC Product is manufactured using the step of forming an interfacial oxide layer over a channel 
region of said substrate, said interfacial oxide layer having a first thickness. 

For example, in the Mstar Chip, an interfacial layer is formed as shown below. 

See e.g., TSMC 2010 Technology Symposium (“2010 Symposium”), p. 54. 

Furthermore, the Mstar Chip comprises an interfacial oxide layer formed over the channel region of the 
silicon substrate. Energy Dispersive X-ray spectroscopy (EDS) compositional samples from the silicon 
substrate to the middle of the gate electrode show that there is a thin oxide layer above the silicon 
substrate. 
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See e.g., TSMC28HKMG_012. 

Si substrate 
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See e.g., TSMC28HKMG_017. 
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See e.g., TSMC28HKMG_017. 
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forming an oxygen-attracting layer over said 
interfacial oxide layer; 

The TSMC Product is manufactured using the step of forming an oxygen-attracting layer over the 
interfacial oxide layer. 

For example, as shown below, the Mstar Chip contains a layer of Hafnium and Hafnium Oxide over the 
interfacial oxide layer. EDS compositional samples from the silicon substrate to the middle of the gate 
electrode show that there is a thin oxygen attracting layer between the oxide layer and the high-K 
dielectric layer. In particular, as illustrated below, the hafnium signal begins to rise near the oxygen 
attracting layer region and a local oxygen peak closely follows.  

See e.g., TSMC28HKMG_012. 
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See e.g., TSMC28HKMG_017. 
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See e.g., TSMC28HKMG_017. 
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forming a high-k dielectric layer over said 
oxygen-attracting layer; 

The TSMC Product is manufactured using the step of forming a high-k dielectric layer over said oxygen-
attracting layer. 

For example, a high-K dielectric layer is formed as shown below. 

See e.g., 2010 Symposium p. 54. 

Furthermore, as shown below, there is a layer of Hafnium Oxide over the oxygen-attracting layer in the 
Mstar Chip. EDS compositional samples from the silicon substrate to the middle of the gate electrode 
show that there is a HfO layer over the oxygen-attracting layer. 
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See e.g., TSMC28HKMG_012. 
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See e.g., TSMC28HKMG_017. 
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See e.g., TSMC28HKMG_017. 
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forming a gate electrode layer over said 
high-k dielectric layer; 

The TSMC Product is manufactured using the step of forming a gate electrode layer over the high-k 
dielectric layer. 

For example, a gate electrode is formed over the high-K dielectric layer as shown below. 

See e.g., 2010 Symposium, p. 54. 

Furthermore, the gate electrode layer (boxed in yellow) is formed above the high-K dielectric layer in the 
Mstar Chip. EDS compositional samples from the silicon substrate to the middle of the gate electrode 
show that the gate electrode comprises Titanium, Tantalum and Aluminum. 
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See e.g., TSMC28HKMG_012. 

Case 1:19-cv-00308-MN   Document 1-9   Filed 02/13/19   Page 21 of 26 PageID #: 177



U.S. Patent No. 6,797,572: Claim 1 
"forming a gate electrode layer over said high-k dielectric layer;" 

Page 21 of 25

See e.g., TSMC28HKMG_017. 
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See e.g., TSMC28HKMG_017. 
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wherein said oxygen-attracting layer 
prevents said first thickness of said 
interfacial oxide layer from increasing. 

Upon information and belief, the oxygen attracting layer prevents said first thickness of said interfacial 
oxide layer from increasing. 

See e.g., TSMC28HKMG_012. 
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See e.g., TSMC28HKMG_017. 
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See e.g., TSMC28HKMG_017. 
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