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>70 nm
1)  Gate Stack (Nitride

2)  DRAM Storage Cell

3)  USJ with Std Processing

4)  Leff CD Control

5)  Metrology

< 70 nm
1)  Gate Stack (High-K, Metal Electrode)

2)  Memory Storage Cell

3)  Transistor Structure

4)  Si Compatible Materials

5)  Metrology



ITWG Crosscut Interface

Metrology:   Thickness, CV, Dopants, Contaminates

ESH:   New Materials, Pb Issue, Table Inputs 

Factory Integration:  No show.

PIDS:  Gate Stack @70nm, Memory Strategy



F R O N T  E N D  P R O C E S S E S

S C O P E
T h e  F r o n t  E n d  P r o c e s s e s  ( F E P )  R o a d m a p  w a s  d e v e l o p e d  w i t h  a  f o c u s  o n  h i g h  p e r f o r m a n c e
t r a n s i s t o r  s t r u c t u r e s  a p p r o p r i a t e  f o r  b o t h  m e m o r y  a n d  l o g i c  p r o d u c t  t y p e s .  T h e  i n t e n t  o f  t h i s
R o a d m a p  i s  t o  d e f i n e  c o m p r e h e n s i v e ,  i n t e g r a t e d  s o l u t i o n s  f o r  t h e  k e y  t e c h n o l o g y  a r e a s  i n  t h e
f r o n t - e n d - o f - l i n e  ( F E O L )  w a f e r  f a b r i c a t i o n  p r o c e s s i n g  o f  i n t e g r a t e d  c i r c u i t s .   H e n c e ,  t h e
R o a d m a p  i n c l u d e s  t h e  t o o l s  a n d  p r o c e s s e s  u t i l i z e d  f r o m  t h e  s t a r t i n g  s i l i c o n  w a f e r  t h r o u g h
t h e  s i l i c i d a t i o n  p r o c e s s .  T h e s e  s p e c i f i c  t e c h n o l o g y  a r e a s  a r e  c o v e r e d :  S t a r t i n g  M a t e r i a l s ,
S u r f a c e  P r e p a r a t i o n ,  T h e r m a l / T h i n  F i l m s  a n d  D o p i n g ,  a n d  F r o n t  E n d  P l a s m a  E t c h .

A  p r e s e n t a t i o n  o f  t h e  r e q u i r e m e n t s  a n d  p o t e n t i a l  s o l u t i o n s  i s  p r o v i d e d  f o r  e a c h  t e c h n o l o g y
a r e a .  T h e  t a r g e t s  a n d  t r e n d s  s h o w n  i n  t h e  r e q u i r e m e n t s  t a b l e s  a r e  m o d e l - b a s e d  u n l e s s
o t h e r w i s e  n o t e d .  P o t e n t i a l  s o l u t i o n s  a r e  k n o w n  e x a m p l e s  o f  p o s s i b l e  s o l u t i o n s ,  h o w e v e r ,  t h e y
a r e  n o t  t o  b e  c o n s i d e r e d  t h e  o n l y  a p p r o a c h e s ;  i n n o v a t i v e ,  n o v e l  s o l u t i o n s  a r e  s o u g h t .

R e l a t e d  t o p i c s  f o r  f r o n t  e n d  p r o c e s s e s  a r e  p r e s e n t e d  i n  o t h e r  s e c t i o n s  o f  t h i s  R o a d m a p .  T h e
t o o l - r e l a t e d  i s s u e s  f o r  p l a s m a  e t c h  a n d  c h e m i c a l  m e c h a n i c a l  p o l i s h  ( C M P )  f o r  t r e n c h  i s o l a t i o n
a r e  d e l i n e a t e d  i n  t h e  I n t e r c o n n e c t  s e c t i o n  r a t h e r  t h a n  i n  t h i s  F E P  s e c t i o n  b e c a u s e  o f  t h e i r
o v e r l a p  w i t h  b a c k - e n d - o f - l i n e  ( B E O L )  t o o l  i s s u e s .  T h e  F E P  r o a d m a p  i n c l u d e s  t h e  p r o c e s s i n g
i s s u e s  a s  w e l l  a s  f u t u r e  r e q u i r e m e n t s  f o r  p l a s m a  e t c h  a n d  C M P  p r o c e s s i n g  r e l a t e d  t o  F E O L
d e v i c e  f a b r i c a t i o n .  T h e  c r o s s c u t  n e e d s  o f  F E P  a r e  c o v e r e d  i n  t h e  f o l l o w i n g  s e c t i o n s :  D e f e c t
R e d u c t i o n ;  M e t r o l o g y ;  E n v i r o n m e n t ,  S a f e t y ,  &  H e a l t h ;  a n d  M o d e l i n g  &  S i m u l a t i o n .
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A :  G a t e  S t a c k      B :  S o u r c e / D r a i n  -  E x t e n s i o n C :  I s o l a t i o n     D :  C h a n n e l

E :  W e l l s     F :  C a p a c i t o r  S t a c k / T r e n c h     G :  S t a r t i n g  M a t e r i a l     H :  C o n t a c t s
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Year of First Product Shipment
Technology Generation  ( λ )

1999
180 nm

2001
130 nm

2003
100 nm

2005
70 nm

2007
50 nm

2009
35 nm

2011
25 nm

2013
18 nm

Equivalent physical oxide thickness Tox(nm) (A)     1.9–2.5 1.5-1.9 1.2-1.5 0.8-1.2 0.6-0.8 0.5-0.6 < 0.5 < 0.5

Gate Dielctric Leakage (A/cm2) (B)   Logic 0.7 3 4 20 28 40 55 77
Thickness control equiv phys ox thk(% 3σ) (C) <± 4 <± 4 <± 4 <± 4 <± 4 <± 4 <± 4 <± 4
Maximum gate dielectric loss from etch  (oxide equiv  
nm)

0.5 0.4 0.3 0.3 0.3 0.2 0.2 0.2

Leffective  Control  ≤ 10%  ≤ 10%  ≤ 10%  ≤ 10%  ≤ 10%  ≤ 10%  ≤ 10%  ≤ 10%
Sidewall spacer thickness (nm)  Extension Structure (D) 72–144 52–104 40-6028-56 20-40 14-28 10-20 7-14
Sidewall spacer thickness (nm)  Elevated Junction (E) 20–40 14-28 10-20 7-14 5-10 3.5-7
Sidewall spacer thickness (nm)  Single Drain (F) 7.5–15 5–10 3.7–7.5 2.5 – 5 1.8–4
Sidewall spacer thickness control (nm, 3σ)  ≤ 10%  ≤ 10%  ≤ 10%  ≤ 10%  ≤ 10%  ≤ 10%  ≤ 10%  ≤ 10%
Gate e lectrode sheet Rs (Ω /sq)  (G) 4–6 4–6 4–6 4–6 4–6 4–6 4–6 4–6
Gate electrode thickness  (H) 144 104 80 56 40 28 20 14
Gate electrode Resistivity (µOhm-cm)  (I) 72 54 40 28 20 14 10 7
Gate Deplet ion Effect on Tox  (nm)  ≤ 10% EOT  ≤ 10% EOT  ≤ 10% EOT  ≤ 10% EOT  ≤ 10% EOT  ≤ 10% EOT  ≤ 10% EOT  ≤ 10% EOT
Drain extension Xj (nm)  (K) 36–72 26–52 20–40 15–30 10–20 7.5-15 5--10 3.7-7.5

Silicide thickness (nm) (L) 55 35 45–70
Contact silicide sheet Rs  (W/sq)  (M) 2.7 4.3 2 2.7 3.8 5.4 7.5 10.7

Si/Silicide max  resistivity (W-cm2)  (N) < 6.0 x 10-7 < 3.0 x 10-7 < 2.0 x 10-7 < 8.0 x 10-8 < 3.0 x 10-8

Maximum Silicon consumption (nm)  (O) 50–56 34–39 63–72 56 40 28 20 14

Doping (act ive) @ oxide interface 1.00E+20 1.40E+20 2.3E+20 2.40E+20 3.60E+20 3.70E+20 5.00E+20 4.80E+20

Contact Xj (nm) (E) 70–140 50–100 40–80 30-55 20-40 15-35 10-19. 7.5-13

Drain Extension Sheet Resistance (Ohms/square) 350-800 250-700 200-625 150-525120-450 100-400 75-350 60-300

Drain Extension Resist ivity (Ohm-cm) 1.3-6X10-3 0.6-3.5X10-3 0.4-2.5X10-3 0.2-1.6X10-3 1.2-9X10-4 0.8-6X10-4 0.4-3.5X10-4 0.2-2.3X10-4

Drain extension conc. (cm–3) 1-8 x 1019 .2-2 X 1020 .3-3.5 x 1020.4-2.5 x 1020 1-8 x 1020 0.2-1.5 x 1021
"silicide" "silicide"

Extension Specific Resistance (Ohm-microns) 115-25 72-13 50-8 29-4 18-2 10.8-1.3 7-0.7 4.5-0.4

Lateral Abruptness for Source Extension (Decade/nm) 0.2 0.35 0.5 0.8 1.2 ??? ??? ???

Extension Lateral Abruptness (nm/decade) (R) 18 13 10 7 5 3.5 2.5 1.8

Potential:  Dopant Variation- Position 15 nm 2-10nm 1-7nm 1-5nm <4nm <3nm <2nm <1nm

Potential:  Dopant Variation - Dose ? ? ? ? ? ? ? ?

Maximum Parasitic Resitivity  (Ohm-cm2)  6.0 x 10-7 3.0 x 10-7 2.0 x 10-7 8.0 x 10-8 3.0 x 10-8

Channel conc. for Wdepletion <1/4Leff (cm–3)  (K) 2.0 x 1018 3.0 x 1018 4.0 x 1018 8.0 x 1018 1.4 x 1019 3 x 1019 > 5 x 1019 > 1 x 1020

Unif.  channel conc. (cm–3), for Vt=0.4  (L) 6-10  x 1017 1-2 x 1018 2-3 x 1018 > 3.5 x 1018 > 7 x 1018 > 9 x 1018 > 1 x 1019 > 2 x 1019

Retrograde Channel Depth

Channel Engineering Halo Pocket?

Mininum measurable  gate  die lectric remaining     
(post gate etch clean) move to text only?

>0 >0 >0 >0 >0 >0 >0

Lgate 3σ Variation (nm)     (Dense and Isolated lines) (S)  ≤ 10%  ≤ 10%  ≤ 10%  ≤ 10%  ≤ 10%  ≤ 10%  ≤ 10%
                                                             (A)        Logic 14 10 7 5 3.5 2.5 1.8
                                                             (B)        DRAM 18 13 10 7 5 3.5 2.5
CD bias between dense and isolated lines (T)  ≤ 15%  ≤ 15%  ≤ 15%  ≤ 10% (?)  ≤ 10% (?)  ≤ 7% (?)  ≤ 5% (?)

Line edge roughness 1.5-2.0 (?) 1.0-1.5 (?) 0.6-1.0 (?) 0.45-0.60 (?)0.35-0.42 (?) 0.25-0.3 (?) 0.2-0.25 (?)

Table 22a   Thermal/Thin Films, Gate Etch, and Doping Technology Requirements for Logic

                      New  Structure…………


