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Manufacturer 

Part Number 

Part Description 

Package Size 

Package Type 

Package Markings (top) 

Die Markings 

Die Size 

Die Thickness 

Number of Metal Levels 

Number of Metal Gate Levels 

Foundry 

Foundry Process Node 

Process Generation 

Process Type

Feature Measured to Determine
Process Generation

Transistor Gate Length 

SRAM Cell Size 

Transistor FinFET Pitch 

Transistor Gate Pitch 

BEOL Process 

Minimum Metal Pitch

XXX

XXXXXXXXXXXXXX

Mini application processor

14 mm x 14 mm = 196 mm²

485 ball FBGA (fine pitch Ball Grid Array)

XXXXXXXXX

XXXXXXX

4.75 mm x 3.83 mm = 18.19 mm²

����ȝP

12

1

Samsung

14LPC

14 nm

CMOS (Copper)

Fin pitch, contacted gate pitch,
metal 2 pitch, SRAM cell size

30 nm & 33 nm (PMOS & NMOS Logic)

�������ȝPð

49 nm

78 nm

12 metals (11 Cu + 1 Al) process

67 nm
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Process Summary Table 

  

Level

Substrate

Wells

Fin and Isolation

Sacrificial Gate

NMOS Source/Drain (S/D)

PMOS Source/Drain (S/D)

Contact Etch Stop Layer S
(CESL)

PMD

Interfacial Gate Dielectric

High-k Gate Dielectric

PMOS Metal Gate

Materials

Silicon

Silicon (*)

Silicon, SiO2

Polysilicon (*)

e-Si epi

e-SiGe epi

SiON

SiOx/SiCxNy/
SiOx/SiCxNy

SiOx

HfOx

TiN/TiAlC/TiN/W;
(W not visible)

Process

Lightly doped bulk P-type silicon (Si) substrate.

Assumed twin-well process with likely multiple 
implants followed by annealing (not analyzed).

1st shallow trench isolation (STI) used to define fin 
and additional etch to remove non-active fins and to 
create deep STI. An SiOx is filled in defined STI 
and polished. Thermal oxidation to repair 
etch-induced damage and define silicon fin profile.

A typical gate last process is assumed. Grow thin 
oxide layer on Si fins, and deposit sacrificial 
polysilicon gate layer. then pattern and etch 
sacrificial polysilicon. A double patterning with  
193 nm litho, assumed LELE (Litho Etch Litho etch) 
option is likely used to define minimum 30 nm 
PMOS & 33 nm NMOS poly gate length and 78 nm 
contacted gate pitch.

Pattern and expose NMOS S/D; etch to form silicon 
cavity; Si selective epitaxial growth. 

Pattern and expose PMOS S/D; etch to form silicon 
cavity; SiGe selective epitaxial growth, graded Ge 
concentration from top to bottom.

Deposition of a conformal nitride layer as a contact 
etch stop layer and the metal gate capping on top 
of the polished metal gates.

Conformal SiN CESL + SiOx 1st PMD + SiCN etch 
stop layer for the local interconnect(2nd PMD) + 
SiOx 3rd PMD + SiCN 4th PMD layers.

After removal of sacrificial poly gates, form SiO2 
prior to deposition of high-k gate dielectric HfOx.

Atom layer deposition (ALD) HfOx on thin SiOx 
interface oxide layer followed by likely 
post-deposition annealing.

PMOS work function(WF) layer TiN which is likely 
removed during NMOS formation; TiN capping 
layer & gate fill by W. However W fill in the middle 
of the gates is not visible due to the gap enclosure.
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Technology 
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Technology 
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Level

NMOS Metal Gate

Contact

Metal 1 to Metal 11,
Via 0 to Via 10

Metal 12 & Via 11

ILD 0 to ILD 8

ILD 9

ILD 10

Passivation

Materials

AlTiC/TiN/W;
(W not visible)

W

Cu with Ta/TaN Barrier

Al with TaN Barrier and ARC

SiCxNy/SiOx/SiOxCy

SiCN/SiO2/SiN/SiO2

SiN/SiO2/SiN/SiO2

SiO2/SiN

Process

After PMOS gates are formed and likely 
removed from NMOS area, and then TiAlC 
NMOS WF layer is deposited and followed by 
TiN capping layer & W gate fill even though W  
fill is not visible in the gates.

SiOx to cover the metal gates and then 
planarized before the formation of the contact; 
CVD W plug with Ti/TiN liner.

Dual damascene copper process, Ta deposited 
for the barrier layer and a sligth trace of TaN is 
also foind. It is not clear TaN is deposited 
separately or formed by reaction with SiCN.

PVD sputter Al deposition; Al dry etch

CVD SiCN capping layer; silicon oxide adhesion 
layer; high-k SiOC between metal lines.

CVD deposit four layers

CVD deposit four layers

CVD
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1.0 Package and Die Overview    
1.1 Package Overview  

Figure 1.1.1:  Package summary  

Figure 1.1.2:  Package (top) image  Figure 1.1.3:  Package (bottom) image  
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Figure 1.1.4:  Package (Measurement) 

XXXXXXXXX
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Figure 1.1.5:  Package X-ray image 
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Figure 1.1.6:  Package X-ray image 
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Package Encapsulation 

Die 

Solder Bump 
Package Substrate 

Solder Ball 

Figure 1.1.7:   package cross sectional image 

Figure 1.1.8:  Connection of bump pads cross-sectional image 
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1.2 Die Overview 
  

Figure 1.2.2:  Size measurement of die 

Figure 1.2.1:  Die summary 
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Figure 1.2.3:  Die photograph & logo 

Figure 1.2.4:  Die photograph with the sample delayered to substrate (fins level)  
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Metal 10~1 Layer (Cu) 

Al 

Metal 11 Layer (Cu) 

Figure 1.2.5:  Edge of scribe lane and die edge seal cross-sectional image 

Die Edge Seal 

Die Edge 

Figure 1.2.6:  Process overview cross-sectional image 
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1.3 Bump Information 
 

  

Figure 1.3.1:  Bump pads summary 

Figure 1.3.2:  Bump pads image 
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Figure 1.3.3:  Bump pads image 
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2.0  Process Overview    
2.1 Metallization 

  

Figure 2.1.1: Metal levels 1 through 12, FIB cross sectional image 
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Figure 2.1.2: Metal levels 1 through 10, TEM cross sectional image 
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Figure 2.1.4 Metal-9, TEM cross sectional image Figure 2.1.3 Metal-10, TEM cross sectional image 

Figure 2.1.6 Metal-7, TEM cross sectional image Figure 2.1.5 Metal-8, TEM cross sectional image 
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Figure 2.1.8 Metal-5, TEM cross sectional image Figure 2.1.7 Metal-6, TEM cross sectional image 

Figure 2.1.10 Metal-3, TEM cross sectional image Figure 2.1.9 Metal-4, TEM cross sectional image 
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Figure 2.1.12 Metal-1, TEM cross sectional image Figure 2.1.11 Metal-2, TEM cross sectional image 
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 Figure 2.1.14 TEM-EDS profile from Figure 2.1.13 

A B 

Metal 2 

Figure 2.1.13 TEM-EDS analysis locations on metal 2, TEM cross sectional image  
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2.2 IMD & ILD Overview 
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Figure 2.2.1 IMD & ILD layer stack composition, TEM cross sectional image 
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Figure 2.2.3  IMD-7, TEM cross sectional image Figure 2.2.2  IMD-8, TEM cross sectional image 

Figure 2.2.5  IMD-5, TEM cross sectional image Figure 2.2.4  IMD-6, TEM cross sectional image 
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Figure 2.2.7  IMD-3, TEM cross sectional image Figure 2.2.6  IMD-4, TEM cross sectional image 

Figure 2.2.9  IMD-0, TEM cross sectional image Figure 2.2.8  IMD-2 & 1, TEM cross sectional image 
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B 

Figure 2.2.10  TEM-EDS analysis locations on IMD, TEM cross sectional image  
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B 

Metal 2 
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Figure 2.2.11  TEM-EDS profile from Figure 2.2.10 

B 

Outermost 

Technology 

Outermost 

Technology 

Outermost 

Technology 

Outermost 

Technology 

Outermost 

Technology 

Outermost 

Technology 

Outermost 

Technology 

Outermost 

Technology 

Outermost 

Technology 



2.2 IMD & ILD Overview 26 

   SoC Process Sample Report 
14 nm FinFET SoC XXX 
Report ID: 2008-13263 
t ID#: 2008-13263 

 

www.outermost-tech.com

 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 

A 

B 
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Figure 2.2.13 TEM-EDS profile from Figure 2.2.12 

Figure 2.2.12  TEM-EDS Analysis locations on ILD, TEM cross sectional image  
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Figure 2.2.14  EDS mapping results for about IMD & ILD layer stack composition 

Figure 2.2.15  EDS mapping data for each element (C, N, O, Si) 
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Figure 2.2.17  EDS mapping data for each element (C, N, O, Si) 

Figure 2.2.16  EDS mapping results for about ILD layer 
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2.3 Isolation and Fins 
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Figure 2.3.1 Overview of Si fins along gate direction, TEM cross-sectional image 
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Figure 2.3.2 Overview of Si fins along gate direction, TEM cross-sectional image 
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Figure 2.3.3 Si fins over STI, TEM cross-sectional image 
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Figure 2.3.5  PMOS Si fin, HR-TEM cross-sectional image 
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Figure 2.3.4  NMOS Si fin, HR-TEM cross-sectional image 
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2.4 FinFET Transistor Process 
 
  

Features

FinFET Features

FinFET Size

NMOS

1.2 nm HfO2
+ 0.9 nm HfO2

4 nm TiAlC

6 nm Tin

W Fill

78 nm

33 nm

49 nm

8 nm

38 nm

PMOS

1.2 nm HfO 2
+ 0.9 nm SiO2

Details 

High K Oxide HfO2

Work Function

Barrier Layer

W Fill

Gate Pitch

Gate Length

Fin Pitch

Fin Width

Fin Height

4 nm TiN

6 nm TiN

W Fill (not visible)
78 nm

30 nm

45nm

8 nm

37 nm

FinFET Transistor Process Summary
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PMOS NMOS 
Figure 2.4.1  Metal gate comparison of PMOS and NMOS transistors, C

ombined TEM cross sectional image  
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Figure 2.4.2  Overview of NMOS finFETs along fin direction, TEM cross-sectional image 

NMOS 

Figure 2.4.3  Overview of PMOS finFETs along fin direction, TEM cross-sectional image 
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 Figure 2.4.4  Overview of NMOS finFETs along fin direction, TEM cross-sectional image 
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 Figure 2.4.5 Overview of PMOS finFETs along fin direction, TEM cross-sectional image 
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Figure 2.4.8  NMOS metal gate annotated with the EDS profile acquisition line, H
AADF TEM cross section 
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Figure 2.4.9  TEM-EDS profile from NMOS metal gate shown in Figure 2.5.6 
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Figure 2.4.10  PMOS metal gate annotated with the EDS profile acquisition line, 
HAADF TEM cross section 

Figure 2.4.11  TEM-EDS profile from PMOS metal gate shown in Figure 2.5.8 
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2.5 Materials of Transistor  
 

  

Figure 2.5.2  Summary of EDS Analysis from the locations indicated in Figure 2.5.1 

Figure 2.5.1  NMOS metal gate with TEM-EDS acquisition sites annotated 
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Figure 2.5.5  EDS spectrum from location 3 in Figure 2.6.1  

Figure 2.5.4  EDS spectrum from location 2 in Figure 2.6.1  

Figure 2.5.3  EDS spectrum from location 1 in Figure 2.6.1  
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Figure 2.5.6  EDS spectrum from location 4 in Figure 2.6.1  
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Spectrum 4 

Figure 2.5.7  EDS spectrum from location 5 in Figure 2.6.1  
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Figure 2.5.8  PMOS metal gate with TEM-EDS acquisition sites annotated 

Figure 2.5.9  Summary of EDS Analysis from the locations indicated in Figure 2.6.8 
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Figure 2.5.11  EDS spectrum from location 2 in Figure 2.6.8  
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Figure 2.5.10  EDS spectrum from location 1 in Figure 2.6.8  
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Figure 2.5.12  EDS spectrum from location 3 in Figure 2.6.8  
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Figure 2.5.13  EDS spectrum from location 4 in Figure 2.6.8  

Spectrum 4 

Figure 2.5.14  EDS spectrum from location 5 in Figure 2.6.8  
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3.0  Functional & Memory Block Analysis    
3.1 Functional Block Area  

Logic 

IP 
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Figure 3.1.1:  Function block areas 

Figure 3.1.2:  Function block diagram 
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4.0  SRAM Cell Layout Analysis    
4.1 Memory Block Area 

  

Figure 4.1.2:  Memory block diagram 

Figure 4.1.1:  Memory block areas 
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Figure 4.1.3: Block #1 

6T_B SRAM 

8T SRAM 

I/O 

6T_A SRAM 

ROM 

Others 

Outermost 

Technology 

Outermost 

Technology 
Outermost 

Technology 
Outermost 

Technology 

Outermost 

Technology 



4.1 Memory Block Area 53 

   SoC Process Sample Report 
14 nm FinFET SoC XXX 
Report ID: 2008-13263 
t ID#: 2008-13263 

 

www.outermost-tech.com

 

Outermost  

Technology 

Outermost  

Technology 

Outermost  

Technology 

Outermost  

Technology 

Outermost  

Technology 

Outermost  

Technology 

Outermost  

Technology 

Outermost  

Technology 

Outermost  

Technology 

Outermost  

Technology 



4.1 Memory Block Area 54 

   SoC Process Sample Report 
14 nm FinFET SoC XXX 
Report ID: 2008-13263 
t ID#: 2008-13263 

 

www.outermost-tech.com

 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4.1.4: Block #2 
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Figure 4.1.5: Block #3 
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Figure 4.1.6: Block #4 
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Figure 4.1.7: Block #5 
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 Figure 4.1.8: Block #6 
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Figure 4.1.9: Block #7 
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Figure 4.1.10: Block #8 
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4.2 Cell Size 
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4.3 SRAM Cell Layout 
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