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• > 5 Billion transistors per CPU
• 100’s of CPU per wafer

At least 100 times more devices on
one wafer than there are people in
the world（百倍于人类总人数）

7.5 Billion people in the world
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宏观相分离 Macrophase separation

Oil + Water

χ
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微观相分离
Microphase separation
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⽬目标: 嵌段共聚物具有光刻胶的功能
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PMMA

Polystyrene

嵌段⾼高分⼦子共聚物薄膜
Block copolymer thin film
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⽬目标: 嵌段共聚物具有光刻胶的功能

inverse-spheres10:90%
B:A

30:70%
B:A

50:50%
B:A

球状相

层状相

柱状相

PMMA

Polystyrene

Plasma etch to remove
one domain
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嵌段⾼高分⼦子共聚物薄膜(层状相)
Block copolymer thin film (Lamellae)

热退⽕火：导向⾃自组装（Nealey et. al. Nature 2003）
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n Short	
  range	
  order:	
  	
  hexagonal	
  close-­‐pack

n Long	
  range:	
  	
  disordered	
  (without	
   guiding)
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(1000	
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Advantages	
  of	
  block	
  copolymer	
  
directed	
  self-­‐assembly:

n Improved	
  island	
  uniformity

n Improved	
  placement	
  tolerance

n Density	
  multiplication
n beyond	
  e-­‐beam	
  resolution
n saves	
  exposure	
  time

n Compatible	
  with	
  circular	
  tracks
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A downscaling	
  
story:

10nm,	
  
9nm,	
  
8nm,	
  
6nm,	
  
5nm,
…

基于high Chi polymer，降低分⼦子量，逐步缩⼩小图案尺⼨寸！
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Making	
  a	
  hard	
  mask	
  using	
  SIS

No reaction 
w/ A-block
polymer

Reaction 
w/ B-block 
polymer

B
A

2cycle

3cycle

Mask

Si

13



14

200	
  nm

Po
ly
m
er

Af
te
r	
  S

IS
Al
O
x
DSA	
  w/two	
  different	
  guiding	
  strategies

W~0.7L0 W~1.5L03X	
  DSA,	
  LS=64nm 4X	
  DSA,	
  LS=85nm

After  SIS After  SIS  (1.5L0) AlOx AlOx  (1.5L0) Si Si  (1.5L0)
0

1

2

3

4

5

3σ
 R
ou
gh
ne
ss
  (n
m
)

Procedure

  LER
  LWR
  LPR

61 62 63 64 65 66
1.4
1.6
1.8
2.0
2.2
2.4
2.6
2.8
3.0

  

  

3σ
  R
ou
gh
ne
ss
  (n
m
)

LS  (nm)

  LER
  LWR
  SWR
  LPR
  SPR



Z	
  ≈	
  0
Bottom

Z	
  ≈	
  25
Top

Averaged	
  cross	
   section:
L0=21.3	
  nm,	
  4X	
  density	
  multiplication,	
   W=1.5L0,	
  back	
  filled	
  with	
  short	
  PS	
  brush	
  

50	
  nm

Reconstructed	
  structure-­‐ movie:

P2VPguide P2VPbrush

Averaged	
  cross	
   section	
  analysis:

• P2VPguide lamellae	
  are	
  ~	
  5	
  nm	
  shorter	
  than	
  P2VPbrush ,	
  
in	
  good	
  agreement	
  with	
  the	
  height	
  difference	
  in	
  the	
  
chemical	
  pattern.

•

This	
  indicates	
  the	
  LER	
  of	
  P2VPguide	
   is	
  larger	
  than
P2VPbrush .	
  Analysis	
   of	
  the	
  entire	
  3D	
  structure	
  is	
  
currently	
  conducted.

FWHM	
  of	
  P2VPbrush width=	
  11.5	
  nm	
  

FWHM	
  of	
  P2VPguide width=	
  12.5	
  nm	
  

27	
  
nm

7	
  nm 2	
  nm

3D	
  characterization	
  by	
  TEM	
  tomography
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阴离子聚合

降低分子量

三嵌段高分子共聚物
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1. Synthesis of PS-b-P2VP Triblock Copolymer 

Run # Initiator Stir Bar Additive Results Problem Improvement 

1-3 Na Naph Glass None Initiator was killed before 
polymerization. Leak, O2 in THF Degas of THF 

4 Na Naph Glass 
(broken) None Gelation (Mn = infinite) Slow Stirring Vigorous 

Stirring 

6-8 Na Naph Teflon None Wide PDI (1.8) 
Slow Initiation 

Teflon react 
with initiator. 

Use 
Glass Stir Bar 

9 Na Naph Glass None Wide PDI (1.3), 
 Containing PS Homopolymer 

Side Reaction 
with PS-Li to 2VP 

Use Additives 
LiCl, DPE 

10 K Naph Glass LiCl (10 eq), 
DPE (4eq) 

Narrow PDI (1.06) 
No Homopolymer - - 

Polymerization Results  

Reaction Detail of Run 10  

Styrene: 10.5 g ( mmol) 
2-Vinylpyridine: 11.8 g ( mmol) 
Initiator: K Naph 1.15 mmol 
               (c.a. 0.4 mol/L X 2.79 mL) 
 
        Target Mn = 40 K 
LiCl: 11.5 mmol (10 eq to initiator) 
DPE: 4.60 mmol (4 eq to initiator) 

K+
- St

K K
LiCl, DPE

Li

PS P2VPP2VP

-78 oC, 1 h
THF

-78 oC
THF

2VP

-78 oC, 1 h
THF

15 min

Li

MeOH

Reaction Scheme of Run 10 

K Naph PS-K PS-DPE-Li 

P2VP-PS-P2VP Triblock 

Concentration wasn’t titrated. 
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The	
  semiconductor	
  industry	
  will	
  not	
  provide	
  a	
  
lithography	
  solution	
  in	
  time	
  for	
  patterned	
  media20

BLOCK	
  COPOLYMER
嵌段高分子自组装图案

FINISHED	
  MAG	
  ISLANDS磁介质图案
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Alternative  process  flow:  linear
1. DSA/line  doubling  is  robust  enough  for  this  high  

risk  process
2. Needs  alignment  in  e-­beam  tool

DSA	
  or	
   line	
  
doubling

Planarization	
  
&	
  apply	
  XPS	
  

mat

E-­‐beam O2 RIE

Resist	
  strip	
  &	
  
brush	
  backfill

DSA

PMMA	
  
removal

Pattern	
  
transfer

Top-­‐down	
   view

Submaster	
  template

Rotary	
  stage	
  e-­‐beam	
  lithography

Directed	
  block	
  copolymer	
  self-­‐assembly
&	
  Sub-­‐master	
  template	
  fabrication

Template	
  replication

Double	
   imprint
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13 nm BCP pattern (circumferential lines) on top of 7 nm radial lines

Cross track direction

7 nm radial lines on bottom

54 nm resist circumferential 
guiding on top

7 nm radial lines on bottom

13 nm PS circumferential 
lines on top
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300	
  nm

50	
  nm 50	
  nm

300	
  nm

1.7	
  Td/in2 master	
  template	
  pattern
(14.5	
  x	
  27nm	
  Full	
  Pitch)

1.2	
  Td/in2 master	
  template	
  pattern
(20.5	
  x	
  27nm	
  Full	
  Pitch)
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v微纳电⼦子器件

FinFET鳍状场效应晶体管

开关比>106
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Thank you!
FUDAN University 

sxiong@fudan.edu.cn
(86) 135-2424-7090
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