
An ERC Grantee from China hosted in a German University

Prof. Dr. Yong L e i

I ns t i t u t e  of M a t e ri a l s  Ph y s i c s a nd  C e nt e r for N a not e c h nol ogy
U ni v e rs t i y of M u e ns t e r (W W U ),  G e rm a ny



Content of  th i s ta l k
1 .   M y  re s e a rc h fi e l d a nd  c a re e r

(w h y d i d I  a p p l y for t h e E R C  gra nt )
2 .   E x p e ri e nc e of a p p l i c a t i on a nd  ru nni ng of m y E R C  p roj e c t



My research fields:
su rface n an o -p at t ern s an d dev ice ap p licat io n s

Si substrate

UTAM



1 9 9 6  – 2 0 0 1 : Ph D s t u d y  i n C h i ne s e  A c a d e m y  of S c i e nc e  (C A S ):
Anodic  Al u mina O x ide ( AAO )  N ano-P orou s T emp l ate

AAO n a n o -p o r o u s  t e m p l a t e  ( s i z e  c o n t r o l l a b l e  1 0  – 4 0 0  n m  &  
l a r g e  a r e a  c m 2)
(a) (b )

R e g u l a r a r r a y s n a n o w i r e s a f t e r r e m o v i n g t e m p l a t e s



2 0 0 1  - 2 0 0 3
N a t i ona l  U ni v e rs i t y  of S i nga p ore  (S i nga p ore -M I T  A l l i a nc e )

I dea of the UT AM  su rfac e nano-p atterning  
• S u rfa c e  na no-p a t t e rni ng - k e y  t o d e v i c e  m i ni a t u ri z a t i on t o na no-
s i z e  l e v e l  - l a rge -s c a l e  ord e re d  s u rfa c e  na nos t ru c t u re s .

F r o m  I n t e l  H o m e p a g e ,  P u b l i c  R e l a t i o n s

D u a l -c o r e C P U
f e a t u r e -s i z e 4 5  n m



2 0 0 1  - 2 0 0 3
N a t i ona l  U ni v e rs i t y  of S i nga p ore  (S i nga p ore -M I T  A l l i a nc e )

I dea of the UT AM  su rfac e nano-p atterning  
• S u rfa c e  na no-p a t t e rni ng - k e y  t o d e v i c e  m i ni a t u ri z a t i on t o na no-
s i z e  l e v e l  - l a rge -s c a l e  ord e re d  s u rfa c e  na nos t ru c t u re s .

• A n e x c i t i ng i d e a  a nd  ne w  c onc e p t :
T ra ns fe r a d v a nt a ge s  of t e m p l a t e s  t o s u rfa c e  na no-p a t t e rni ng -
p re p a re  a n u l t ra -t h i n a l u m i na  m e m b ra ne  (U T A M ) on a  s u b s t ra t e

Si substrate

Ultra-th i n  A A O  te m p late

N o rm al A A O  
te m p late



2 0 0 1  - 2 0 0 3
N a t i ona l  U ni v e rs i t y  of S i nga p ore  (S i nga p ore -M I T  A l l i a nc e )

I dea of the UT AM  su rfac e nano-p atterning  
• S u rfa c e  na no-p a t t e rni ng - k e y  t o d e v i c e  m i ni a t u ri z a t i on t o na no-
s i z e  l e v e l  - l a rge -s c a l e  ord e re d  s u rfa c e  na nos t ru c t u re s .

T h e  i d e a  i s  a t t ra c t i v e  - hig h c hal l eng ing  (c ra z y ): m a ny  t e c h ni c a l  
p oi nt s .

Si substrate

Ultra-th i n  A A O  te m p late

N o rm al A A O  
te m p late



2 0 0 3  – 2 0 0 6
I ns t i t u t e  of N a not e c h nol ogy  (I N T ) i n F Z K  a t  K a rl s ru h e ,  G e rm a ny

Real iz e the idea of the UT AM  su rfac e nano-p atterning
• 2 0 0 4  s ol v e d  a l l  t h e  t e c h ni c a l  p oi nt s
• 2 0 0 4  - 2 0 0 6 ,  p u b l i s h e d  t h e  re s u l t s ,  ga v e  a  na m e  ‘U T A M  s u rfa c e  
na no-p a t t e rni ng’ - re c e i v e d  w i d e  i nt e rna t i ona l  s c i e nt i fi c  re c ogni t i on
• I nv i t e d  t o p u b l i s h  a  re v i e w  (7 5  p a ge s ) i n ‘Progre s s  i n M a t e ri a l s  
S c i e nc e ’ of U T A M  na no-p a t t e rni ng t e c h ni q u e
• I  l i k e  t o w ork  on h i gh -i m p a c t  a nd  ri s k y  i d e a s  t o c h a l l e nge  m y  
i m a gi na t i on



2 0 0 3  – 2 0 0 6
I ns t i t u t e  of N a not e c h nol ogy  (I N T ) i n F Z K  a t  K a rl s ru h e ,  G e rm a ny

Real iz e the idea of the UT AM  su rfac e nano-p atterning

UT AM s

Reg u l ar nanodots on a S i w afer



2 0 0 6 :  Un i v e rs i ty  o f  M u e n s te r
T h re e -D i m e n s i o n al S u rf ac e  N an o -P atte rn i n g :  C o n c e p ts ,  C h alle n g e s  

an d  A p p li c ati o n s
(m o ti v ati o n s  to  ap p ly  f o r E R C  f u n d i n g )

F r o m  I n t e l  H o m e p a g e ,  P u b l i c  R e l a t i o n s

D u a l -c o r e C P U
f e a t u r e -s i z e 4 5  n m



T h re e -D i m e n s i o n al S u rf ac e  N an o -P atte rn i n g :  C o n c e p ts ,  C h alle n g e s  
an d  A p p li c ati o n s

Mu l t i f u n c t i o n a l  s u r f a c e  n a n o -s t r u c t u r e s

An  e f f i c i e n t  e v o l u t i o n  f r o m 2-D  t o  3 -D  s u r f a c e  n a n o -p a t t e r n i n g :
C h a n g e  f r o m  n a n o d o t s o r  n a n o r i n g s t o  n a n o w i r e s o r  n a n o t u b e s

O n e  o f  t h e  m o s t  a t t r a c t i v e  a d v a n t a g e s  o f  n a n o -
m a t e r i a l s  ( e x t r e m e l y  l a r g e  s u r f a c e  a r e a )  i s  
m i s s i n g  i n  t h e  e x i s t i n g  2-D  s u r f a c e  n a n o -p a t t e r n s

L a r g e  c o n t a c t i n g  i n f l u e n c e  f r o m  t h e  s u b s t r a t e  ����
v e r y  l a r g e  s i g n a l  n o i s e s  ���� d e g r a d e s  d e v i c e  
p e r f o r m a n c e

O n l y  w a y  t o  i n c r e a s e  t h e  d e v i c e  d e n s i t y  i s  t o  
d e c r e a s e  t h e  p a t t e r n  s i z e

n a n o d o t s

n a n o r i n g s
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an d  A p p li c ati o n s

Mu l t i f u n c t i o n a l  s u r f a c e  n a n o -s t r u c t u r e s
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C h a n g e  f r o m  n a n o d o t s o r  n a n o r i n g s t o  n a n o w i r e s o r  n a n o t u b e s

O n e  o f  t h e  m o s t  a t t r a c t i v e  a d v a n t a g e s  o f  n a n o -
m a t e r i a l s  ( e x t r e m e l y  l a r g e  s u r f a c e  a r e a )  i s  
m i s s i n g  i n  t h e  e x i s t i n g  2-D  s u r f a c e  n a n o -p a t t e r n s

L a r g e  c o n t a c t i n g  i n f l u e n c e  f r o m  t h e  s u b s t r a t e  ����
v e r y  l a r g e  s i g n a l  n o i s e s  ���� d e g r a d e s  d e v i c e  
p e r f o r m a n c e

O n l y  w a y  t o  i n c r e a s e  t h e  d e v i c e  d e n s i t y  i s  t o  
d e c r e a s e  t h e  p a t t e r n  s i z e

n a n o w i r e s

n a n o t u b e s



Where is the money?

A complicated new concept of surface nano-
structuring

E R C  S tarting  G rant ( 2 0 0 9 )



My ERC Ex p e r i e n c e s (a p p l i c a t i o n p r o c e s s )
• I  w a s  n o t  a s k e d  b y  u n i v e r s i t y  t o  a p p l y  t h e  E R C  
f u n d i n g  ( W W U  d i d n ’t  h a v e  a  r e c o g n i z e d  s t r a t e g y  
t o  f i n d  o u t  a n d  s u p p o r t  p o s s i b l e  E R C  c a n d i d a t e ) :

• S u p p o r t  d u r i n g  t h e  a p p l i c a t i o n  f r o m  W W U :
N o r m a l  s u p p o r t :  t h e  h o s t i n g  l e t t e r
n o  o t h e r  s p e c i a l  s u p p o r t



My ERC Ex p e r i e n c e s (a f t e r r e c e i v e d t h e
f u n d i n g )

T he react  o f u n iv ersit y w hen  I  g o t  t he E R C  fu n din g :
1st E R C  fu n din g  in  W W U ;
S u p p o rt  fro m  t he u n iv ersit y:
S cien t ist  ( j u n io r g ro u p  leader)  → W 1 ( J u n io r)  P ro fesso r
1 lab  an d 1 o ffice fo r m y g ro u p  m em b ers
S o m e su p p o rt  t o  b u y eq u ip m en t s 

O t her u n iv ersit ies ap p ro ach an d ask  m e?

T here is n o  achiev em en t -o rien t ed g ran t in g  o f fu n ds relat ed 
t o  E R C  g ran t



My ERC Ex p e r i e n c e s (r u n n i n g )
E R C  fu n din g  ( co m p are t o  G erm an  n at io n al fu n din g ) :
1. E R C  m o re fo cu ses o n  hig h-im p act  ( also  hig h-
challen g in g )  t o p ics an d ideas;
2 . T he adm in ist rat iv e st ep s o f E R C  is m o re flex ib le;
3 . T he E R C  fu n din g  is m u ch m o re co m p et it iv e.



T h e  i m p a c t  o f  t h e  E R C  f u n d i n g  t o  m y  s c i e n t i f i c  c a r e e r
( v e r y  i m p o r t a n t )

1 .  T o  r e a l i z e  t h e  c o n c e p t :  3 D  s u r f a c e  n a n o -p a t t e r n i n g

2 .  B u i l d  a n  i n d e p e n d e n t  r e s e a r c h  g r o u p  

3 .  P r o m o t i o n  i n  m y  s c i e n t i f i c  c a r e e r
S c i e n t i s t  → W 1  p r o f e s s o r  ( 2 0 0 9 )
( r e c e i v e  a  c a l l  r e c e n t l y  a s  a  W 2  p r o f e s s o r  i n  T U  

I l m e n a u )  







1 .  H os t u ni v er s i ty  c ou l d  p r ov i d e l ong -ter m  c h a nc es  f or  
E R C a w a r d ees  ( e. g . ,  tenu r e–tr a c k  p r of es s or  p os i ti ons ) .

2 .  Com p l ete i nd ep end enc e ( enou g h  l a b  a nd  of f i c e 
s p a c e f or  th e E R C g r ou p ) .

F rom t h e p oi nt  of v i e w of a n E R C  s t a rt i ng gra nt a w a rd e e :
T h e m a i n m ot i v a t i on of t h e E R C  s t a rt i ng gra nt :
E x c e l l e nt s c i e nt i s t � I nd e p e nd e nt  grou p l e a d e r

O r t o c ons ol i d a t e t h e i nd e p e nc e of a  grou p l e a d e r
I n t h e fu t u re ,  t o b e c om e a  p rofe s s or
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