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10 kV              x 80 000

  2500 A

 4000 A

Al O2 3
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Superlattice by NEC, Japan
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Samples by Riikka Puurunen, VTT Finland

20 nm



Tuomo Suntola, Picosun Oy

�����
���������������


����
�����������
��������
� ���	��������
�����
����

���
��
�����
���
�
������������������ ��������� �����  !��"�	�
�#


49����������������
	
��F�������&��������
�
	����

precursor A

precursor B



Tuomo Suntola, Picosun Oy

�����
���������������


����
�����������
��������
� ���	��������
�����
����

���
��
�����
���
�
������������������ ��������� �����  !��"�	�
�#


49����������������
	
��F�������&��������
�
	����

surface

density of atoms [ /nm2 ] 

species / at top at
bottom

precursor A

precursor B

ZrCl /

support

4

WOCl /4

3

Ni(acac)   /2

SiO2

Al  O
2

SiO2

3
Al  O

2

Cr(acac)   /
3

SiO
2

Mg(thd)  /
2

1,44 1,440,04

1,81 1,81 0,05

2,52 2,25 0,11

0,32 0,30 0,00

0,98 0,82 0,08

0,06

0,25

0,04

0,01

0,08
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Instrumentarium

demonstration of ALE for ZnS (Instrumentarium)

exchange reactions for ZnS and oxides

introduction of ALE-EL device performance

production line for flat-panel matrix displays P-250 >> P-400 reactors

Commercial production of ALE-EL panels by Lohja > Planar

travelling wave reactor (Lohja)

introduction of first ALE-EL product

introduction of ALE for catalytic surfaces

demonstration of ALE-CdTe solar cell performance

1974 1980 1990 2000

F-450, F-850 reactors for large surfaces

F-120 reactors (Microchemistry)

F-200 reactors for wafers

Microchemistry

Planar International

Wafer cluster tool reactors (ASM)

Sunale reactors (Picosun)

F-120 reactors (Nanofin)

2010

Picosun

Nanofin
Lohja

ASM

TFS 500 reactor (Beneq)

Beneq



Tuomo Suntola, Picosun Oy

�����
���������������


����
�����������
��������
� ���	��������
�����
����

���
��
�����
���
�
������������������ ��������� �����  !��"�	�
�#


,5'�����
+%
���+����
���+������
�+��
��������	�&��
�
���
����
�&�

Structure of thin film 
electroluminescent display

substrate glass

passivation layer (ion barrier)
dielectric layers 
light emitting layer, ZnS(Mn)

black back layer

passivation layer

electrodes

EL- character module
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ALD: In-situ chemistry at 
molecular level

Wafer Size Conversion history

100 mm

1970
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ALD: In-situ chemistry at 
molecular level

Wafer Size Conversion history

100 mm 150 mm

1970 1980
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ALD: In-situ chemistry at 
molecular level

Wafer Size Conversion history

100 mm 150 mm 200 mm

1970 1980 1990
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ALD: In-situ chemistry at 
molecular level

Wafer Size Conversion history

100 mm 150 mm 200 mm 300 mm

1970 1980 1990 2000
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ALD: In-situ chemistry at 
molecular level

Wafer Size Conversion history

100 mm 150 mm 200 mm 300 mm 450 mm

1970 1980 1990 2000 2010
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ALD: In-situ chemistry at 
molecular level

Wafer Size Conversion history

100 mm 150 mm 200 mm 300 mm 450 mm 675 mm

1970 1980 1990 2000 2010 2020
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The MOS elements – 1970’s

Source: P.Gargini, International Technology Roadmap for Semiconductors
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The MOS elements – 1980’s
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The MOS elements – nanotechnology
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