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��
 +����� �	
 ��� ��	���
� ���
���
��������	��
��	���
�� ?������
���	��������� ���	��+������ ������# $���� 	��� �� &�����
���	�� $�		��
�
��� /+�� ���� .��	
������	���/�		� ��
+�����
 +����� ��� ���
�������H	����� E���
�����	
������
��������� ��	����� �� ��� ������ ���
�	��	
��
�
���
���� ������������
�?�G��� ��� ����� E���
���� ��� ��
������
�� ����		�
	
���
�� ���
���� ��G/�	�� /� ���������#

DG����� ��� .��	
������ ��� �0����	����������
�� +��� ��� ;��������		����


���H
��
 ��� ��� 0	���
���		�����
 ��	 ������������
	 ��� ��� ������ �������



��

����
���� ��
����
 ����
 ��� ����� E���
���� ��� ��
������
� ����			
���
�� ����

��
���
 +����� ����# ?4� :;����
���
��������� +��� ���4� 	
�������GI�� ��	
������������ ������� E
�� �����		 (��E�* ;�������� ���+����
 ��� ��� ���
6���
��� ����������� ���
���	�	
��
���
�� ������/��
�� ��	 ��������� ����
 ��
��� 0	���
���		�����
 4��� ��� ����������
���� /� ��
������# E�� 	�����	 J��
�'���
;�������� �	
 ��
 ��� +�	��
���� �4������ E���
���	
�����&�	�	
	�����
 ����
 �H��
����# $���� +���� ��� �������	������	���/�		 ��
 �����	����������	���� ������
��� (���* ��
+�����
 �� ���	� 0	���
���		�����
 ��� ��� ����������
���� ���
/�
�����# $��	�	 ��&���?������
���	��������� (�������/�� ����&�����
��% �����
�����% ��� J�+ �� �����������
���
%* �	
 �� A9,@ ��� 05� ��
+�����
 +�����
��� ���
�
 �����4��� ��������������� ���/�		�� ��� ;��
��� ��		 ��� 0	���
���	�
	�����
 �� ��	 ������������
 ����� �H���� �������	���
 +���#

$�	 ����;�������� 	
���
 �4� ��� ��	����������
��?��
����� �� 2'��� ���
���	
���
������� ���� �H����� �����
+������� ��� ��� ����
� �� &����� ���	��
$�		��
�
��� /� ����� ���	
���	�G����� ���/�		 ��
�����
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G
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1�	��	��

� �������	�
�� �

232 ��������	� ��������� 
�� ����� �����	��� 3 3 3 3 3 3 3 3 3 3 �

23, ��
����	�����	" ����� ������� 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 =

23/ !��������	� �
 '4 
���������"��
�� ����� 
���������	 3 3 3 3 ,

235 �	��	����	� �
 ��� ����� ������ 
���������	 3 3 3 3 3 3 3 3 A!

23532 ������
��	� �
 ������ 6 1�* 
���������	 
������ 3 AA

237 8�"�	�#����	 �
 ������ 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 A=

� ��� 
��	�
�� ���
	�� ��

,32 ��� ��4 ����� 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 A�

,3232 �1 ��4 ��������������� 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 A�

,323, 9� ��4 ��������������� 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 ��

,3, ��
���	�� ������	" �
 :�	����	 �� ����"���� 3 3 3 3 3 3 3 3 �<

,3,32 �	��"����� ��	�	" �������� 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 ��

,3,3, ;���"���� �	����	��	� �
 5<7 =�# ���9> ������� "!

,3/ ����"	 �
 5<7 =�# ���9> ������� 3 3 3 3 3 3 3 3 3 3 3 3 3 "�

,3/32 �	����� ������ 
��������� 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 "=

,3/3, 1���������	 �	� �
����#����	 �
 �	��"����� ��	�	" ������� "@

,3/3/ �	���	�� �
 
���������	 ������	��� �	 ��������� 9�

��
����	�� 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 "9
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� ����������� �� ������ ����
�
�� ����� ���	����� ��

/32 (8��� �������	 ���� �����"��
�� ������ 3 3 3 3 3 3 3 3 3 3 ="

/3, ���	����	 �
 :�	����	 ���� 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 =@

/3,32 8
���	� 
�� ������ ���	����	 3 3 3 3 3 3 3 3 3 3 3 3 3 =@

/3,3, *��� 
�������	" 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 =�

/3,3/ ������ ��
����� �
 *��� 3 3 3 3 3 3 3 3 3 3 3 3 3 3 =,

/3,35 ���� ���$ 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 =9

/3,37 9����������	 �����	" ?9��@ �
 :�	����	 ����� 3 3 3 3 3 @!

/3/ ���	����	 �
 ��
 ��������� �
 ��	�	" ������� 3 3 3 3 3 3 3 3 3 3 @=

/3/32 �07,.C 
���������� 
�������	" 3 3 3 3 3 3 3 3 3 3 3 3 @=

/3/3, ������ ��
����� �
 �07,.C 3 3 3 3 3 3 3 3 3 3 3 3 3 @@

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

532 *��	���#����	 �
 ��	�	" ������� ���������� 3 3 3 3 3 3 3 3 3 3 3 3 @9

53232 *�����	 
������	" ����� 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 <A

5323, 8
����#�	" "����� 
��	���#����	 ��������������� 3 3 3 <�

5323/ ��
������	 �
 ���������� ����� 3 3 3 3 3 3 3 3 3 3 3 3 3 <=

53, *��	���#����	 
������ ������
��	� 3 3 3 3 3 3 3 3 3 3 3 3 3 3 <=

53,32 *������ 
������
�	" ���� ������� ��

�	" �����	� 3 <=

53,3, ��������� 1�* 
������� 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 <�

53,3/ ����"	 �	� ��	��������	 �
 ��
�� ������� 3 3 3 3 3 3 3 <9

53,35 *������	" 
�� �	� ������ 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 ��

53/ =���� �� �
������	 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 �=

� ������� �� ���
	� ����
	��
��  �

732 5G.��! 
���������	 
������ 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 ,�

73, ������ ���	����	 �
 :�	����	 ���� 3 3 3 3 3 3 3 3 3 3 3 3 3 3 ,=

73,32 ���������	� 
�������� 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 ,=

73,3, �	������ �
 :�	����	 ���� ��
������������ 3 3 3 3 3 3 3 ,<

73/ ������ ���	����	 �
 �	��"����� ��	�	" ������� 3 3 3 3 3 3 3 3 3 9A

73/32 ���"	��	� �������� 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 9"

735 1�* 
��	���#����	 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 9@
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73532 *������	" 
��������� 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 9@

7353, 8
����#����	 �
 
�����	 ��	���� �
 ������� ������ 3 3 3 9<

7353/ ����������	 �� :�	����	 
���������	 3 3 3 3 3 3 3 3 3 3 9,

73535 5G.��! ���$ ������ 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 99

73537 5G.��! 
��	���#����	 J������ 3 3 3 3 3 3 3 3 3 3 3 3 3 A!!

737 ��
������	� �
 �1 ��4 ��������������� 3 3 3 3 3 3 3 3 3 3 3 3 A!"

73732 !��$�"� �����	�� 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 A!=

7373, =�
 �����"� 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 A!@

7373/ ������ ����� 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 A!�

73C ����� 9� ���������	 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 A!9

73C32 1��
�����	 �
 ������ 
��
����	�� 3 3 3 3 3 3 3 3 3 3 AA!

73C3, ���� ��	� , ����� ������ 
��
����	�� 3 3 3 3 3 3 3 3 AA=

! "�����# $ ������ %��# ���

C32 �	��	����	� �
 :�	����	 ���� ���	����	 3 3 3 3 3 3 3 3 3 3 3 AA�

C3232 ������ �����"��
�� 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 AA�

C323, 9�� 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 AA,

C3, ������ ���	����	 �
 ��	�	" ������� ��
 ��������� 3 3 3 3 3 3 3 AA,

C3/ �	��	����	� �
 1�* 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 AA9

C35 ������������� ��� ����� ������� 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 AA9

C37 >�# ��� ����� ������ ������
��	� 3 3 3 3 3 3 3 3 3 3 3 3 3 3 A�!

& '��	��� ���� ���

�32 ����������	 ����
� 
�� 5G.��! ���$ 3 3 3 3 3 3 3 3 3 3 3 3 3 A�A

�3, ����� �������� �������	� 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 A"@

�3/ ��8� ����$	��� ����� ����� 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 A"@

( )��
�* 	
�	�
� ���������� �� ���+,� �-&�) ���
	�� ���

. .&� ���%
�* �� %���� 	���
�� ��� ���
��
�* ���� ��/

(
��
�*����0 ���
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section through layer stack

junction

tuning dielectric
integrated tuning
(base electrode)

integrated tuning
(top electrode)

60 µm

2000 µm

RF-blocking filter

bond pad

80 µm

��"��� 235N ��������� �������� �
 � ��� ����"���� ������ ?	�� �� �����@3 ����	�
���	� ��� ��
���� 
�� � R.. =�# ������3 >�� ��"	���� ���� �
 ��� :�	����	 ����
"���	 �	 ��� �	��� ����� � ��
���� �	��"����� ��	�	" ������� ���� ������ �	������ 
��
���
�	�����	 �
 :�	����	 ��
�����	�� �	� ��� λ/= ���	�
������ 
�� ��
���	��
����� �
 ��� :�	����	 �� ��� ����"����3

����+��
�	 ��� �����1# "!B (
��	 +��� �� ��	��		�� ���� 
��������% �� ���# �#�
��� �� ����# �#"* N=!O#

K��	����
���� ��1��� �	 ����
�� �% 
�� �������� ������ �����% ���	 ��A + ���

�� 
�� �0� 7���
��� ����
����	 +���� ��� � 	
������ ������� �0� 7���
��� �	 
���
���
�����% A#= �./ (=�/�* ��
 ����
�����% ����
	 �����
��� 
� ����
 A#� �./ (	��
���# �#A#�*# &? ��		�	 �� 
�� 
����� ������
 ����
����	 ��
������
� ��1�� �������
����� ������% ����� 
�� ��� ���8����% ��/� �� 
�� �	�� 	����������
��� ���

����� (	�� ���# �#�*# ��������� ��
�	
 �0� ��1�� ����������
	 �# �# �0� ������
����������
 ��� .0?0 5��� = (9<!>AA�! -./* ��� @ (AA�!>A�@! -./* ��������
��
� �%���� 	����������
��� 7���
��� ����
����	 +�
� ��� ��	
��� �� ���'" 
�����
�������	 ��� ��� �� 
+� ������ ������
��� 
����� ������
 ����
����	 (	�� ���# <#@*
N"9 =� AAO# ?�� �������
��� ���	��	 ���% ��� ������� 7���
��� ����
���� �	 �	��
���% �������� �% 
�� ������ �����% ��� 	����������
�� �����# ������
�����% 
��
��1��� ����
 �� 	��� � �����)��������� 7���
��� �0� ������ A#9 �./# �� ��
�

�� �����	
 �����
��� ���8����% �� � �0� ��1�� �����
�� �	 A#A" �./ ��� � ��	

�������� ���	� 
������
���	 �� =!! 2 +�	 ���	���� N"�O#

�
 ���8������	 ����� (��A +���)/� 	����������
��� ��
�����
��� ������
�� ��1�
��	 (.E5* ��� ���	��
�% 
�� ��	
 ������# ���	� ������	 ��� ���� �� �� ���% 
���
(≤ A! ��* ��� 	���� (< A× A µ��* 	����������
��� �����������	 ��� 
��	 ��	�
��8���� ������������
���# :����� �0� 
����� ������
	 � .E5 ���	 ��
 ������
�

�� 0? 	����� 
������ ���8����% ���
������
��� ��
 �	 	��	�
��� 
� 
�� �����
���
������
��� �� 
�� �������
 &? ��+��# $�� 
� 
�� �����������
% �� 
�� &�� �����
��
���	
��	 �� 
�� 	����������
��� ����������� ��
����� 
�� ������
��� ������
�	
�� �	�����
��� �� ������ ��	�	
���� ��� 
��	 
�� 0? 	����� N@� A, �A A� ��O# ���
����� ����
 ��� ���8����% ��1��� �	 ��
 ��
������� �% 
�� ��� ���8����% �� 
��



23, ��
����	�����	" ����� ������� <

contact pads

superconducting microbridge

(100-1500 nm x 100-1500 nm x 3-15 nm)
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photoresist

UV-SNEP
E-Beam SNEP

(JPL)
E-Beam / CMP

Nb-Al/Al O -Nb2 3

1. UV exposure
through photomask

2. development

RIE of junction
top electrode

> 0.8 µm

deposition of
dielectric

typ.
200 nm SiOx

self-aligned lift-off
removal of
photoresist

definition and deposition
of integrated tuning circuit
top electrode ("wiring")

e-beam resist
(120 nm PMMA)

polyimide
(500 nm)

1. e-beam exp.
2. development

3. deposition of
Cr etch mask

Cr

1. Cr lift-off
2. O RIE of polyimide

(pattern transfer)
2

<< 0.8 µm

RIE of junction
top electrode
(CF + CCl F + O )4 2 2 2

deposition of
dielectric

200 nm
SiO

removal of polyimde
(CH Cl )2 2

self-aligned lift-off

definition and deposition
of integrated tuning circuit
top electrode ("wiring")

CMP

definition and deposition
of integrated tuning circuit
top electrode ("wiring")

e-beam resist
(220 nm)

typ.
1200 nm

typ.
300 nm

1. e-beam exp.
2. development

3. deposition of
etch mask

70 nm SiO

20 nm Al
2

2. RIE of junction
top electrode
(NF + CCl F or

SF + CHF )
3 2 2

6 3

rest of mask

deposition of
dielectric

600 nm
SiO2

topography planarized
junction top cleared

1. etch mask lift-off

290 nm
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substrate

tuning top electrode / wiring

junction

top electrode

tunnel barrier

SNEP

CMP

planarized interface

tuning dielectric /

junction isolation

junction base electrode
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superconducting coils (2x)
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SMA connector for if output

holes for antenna horn locating pins (4x)
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Tc = 9.1 K

2D0 = 2.93 meV

90 fF·µm-1csp

er = 3.8SiO2tuning circuit

dielectric 200 nmthickness

tuning circuit

electrodes

sn = (1.9, 1.8)·107 W-1·cm-1

Nb

0.81 and 0.64 µm2AJ

top electrode

base electrode

Jc

350 nm

150 nm

14 kA·cm-2

junction
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buffered phosphoric acid etch

(2 min, 1:3)
Al layer removal

AR 600-56 (4 min),

stopper AR 600-60 (0.5 min)
development

150-250 µC/cm2 (dose dependent on

junction size and circuit layout),

beam 14.0±0.2 pA @ 20 kV

exposure

parameters

DC-sputtered aluminum, 10 nm
charge dissipation

layer

220 nm (4000 rpm, bake 120°C, 3 min)thickness

AR-P669.04 (PMMA, 600k, 4%)resist
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diluted and filtered Fe(III)Cl3 solution

(15 sec., 10 drops on 40 ml H2O)
Cu layer removal

AZ400 K (75 sec., 1:3)development

6.0-7.0 µC/cm2

(dose dependent on line width),

beam 14.0±0.2 pA @ 20 kV

exposure

parameters

thermally evaporated Cu, 10 nm
charge dissipation

layer

580 nm (4000 rpm, bake 90°C, 1.5 min)thickness

AZ5206resist
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dielectric layer removal

dielectric layer

polishing pad / slurry

metalization layer

feature size dependent planarization

pattern pitch
< pad deformation length

"narrow" feature

"wide" feature
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2" silicon wafer

DF200 backing film

quartz substrate

wafer carrier (Polyamide 6,6 30% glass fiber reinforced)

thin film wax
< 100 µm
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Logitech 1ACCS-0700

40 µm diamond

5” diam.

34 N loading force

pad conditioner

PA 6,6 (30% glass fiber reinforced)

100 mm outer diam.

52 mm recess diam.

1.295 ± 0.005 mm recess depth

18 mil DF200 backing film

wafer carrier

1¥ 20 N / 1¥ 24 N / 2¥ 9.5 N

58 N (11.4 N/cm2 back press.) total
loading force selection

approx. 100 µmwafer extension

piston with recoil moment

5” outer diam.

0-100 rpm rot. speed range

polishing head

350 mm diam.

0-100 rpm rot. speed range
polishing plate
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turn on magnetic stirrer

(≥ 30 min prior to process)

2. stir

H2O, keep wet for process (250 ml)7. soak

position conditioner at 2/3 radius

5 min @ 80 rpm (pad) / 80 rpm (head)

continuous H2O flow (total 250 ml)

6. pre-conditioning step 2

position conditioner at 1/3 radius

5 min @ 80 rpm (pad) / 80 rpm (head)

continuous H2O flow (total 250 ml)

5. pre-conditioning step 1

750 ml H2O, spin off / N2 blow4. rinse

pad preparation

activate diaphragm pump with

maximum flow setting (0.5 min)

3. flush slurry line

prepare 750 ml solution per batch1. mix

slurry preparation
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15 sec. HP @ 100°C [not used for step no. 1]4. cure wax bonding layer

measure dielectric thickness

calculate remaining polishing time

10. metrology

keep pad wet for next step / wafer (H2O)8. soak pad

keep wafer wet

0.5 min H2O (UA), 0.5 min IPA (UA)

spin dry  (N2, IPA  blow)

9. in-between

wafer combo clean / dry

scrub wafer combo

(2 % NH4OH, PVA sponge)

H2O rinse, 1 min H2O (UA), 0.5 min IPA (UA)

spin dry  (N2, IPA  blow)

final clean

[used after last step]

H2O rinse of contact surface / wafer recess

(ensure cleanliness of backing film)

2. polishing head

preparation

1 min [reduce to 0.5 min for final CMP step]

continuous H2O flow (250 ml)

7. slurry removal

3 min [reduce to 0.5 min for final CMP steps]

position at 1/2 radius

20 rpm (pad) / 24 rpm (head)

6. process polish

wet wafer combo and backing film (H2O)5. CMP preparation

1 min, with slurry feed and polishing head

20 rpm (pad) / 24 rpm (head)

3. pad charging

5 min @ 1/2 radius position

(analog startup procedure)

1. pad conditioning
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735 1�* 
��	���#����	 G7

26 N (5.1 N/cm2 back press.)down force

0.37 m/srel. velocity

40 nm/mintyp. mean MRR

20 rpm (pad) / 24 rpm (wafer)rot. speeds

6 ml/min, 90 degrees ahead of waferslurry feed

ILD1200 (diluted to 3%wt. silica, pH = 10.5)slurry

14“ diam. IC-1000-A3P/V/Suba IV PSA II CRpad
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SMART 460-492 GHz devices for KOSMA
and HIFI Band 1 mixer backup devices for LERMA

batch
490EBL-

wafer e-beam mask:

junction definition: version date:

150 / 8 / (200 +30) nm trilayer
20 nm Al + 20 nm Au junction RIE mask
200 nm final SiO2 thickness desired for tuning
PMMA AR669.04 (600k, 4%) for junction definition (with 10 nm Al layer)

substrate:
t   =   268 µm
∅ = 25 mm

fused quartz
(INFRASIL 1)

process start: process end:

process step target comment

1. wafer clean IPA rinse, spin(4000, N2)
microscopic inspection:
choose smaller diameter side as top
measure thickness
check substrate surface for scratches, edge for
cracks
dip in TCE used
H2O rinse
2:00 H2O 1 (always ultra pure / deionized)
H2O rinse
2:00 H2O 2 (p)
IPA rinse
2:00 ACE 1 (p)
IPA rinse
2:00 IPA (p)
spin(4000, IPA rinse, IPA / N2 blow x5)

abbreviations
IPA = Isopropanol
TCE =
Trichlorethylene
ACE = Acetone
p = “process
beaker”

if not explicitly
stated, all times
are ultrasonic
agitation durations
in min.:sec.

Marangoni:
standard clean

2. inspection of
wafer cleaning
(microscope)

wafer clean?
else
1:00 H2O
1:00 IPA
IPA rinse
spin(4000, IPA rinse, IPA / N2)
(swab + IPA +spin, only if necessary)

3. deposition of
AlN etch stop
layer

blanket layer
DC-sputtering in
new sputtering
machine

20 nm reactive-
sputtered AlN

position pallet in load-lock

transfer of pallet into RIE chamber
3:00 O2 clean
(10 Pa, 20 W, 220 V,10 sccm)

transfer into main chamber
evacuate to < 1⋅10

-7
mbar

5:00 Al pre-sputter
(300 W, 300 V, 100 sccm, N2, 0.4 Pa)

1:28 AlN sputter
(300 W, 300 V, 100 sccm, N2, 0.4 Pa)
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4. deposition of
trilayer
(junction and
tuning base
electrode layers)

blanket layer
DC-sputtering

O2 clean

Nb sputtering
parameters

r(Nb, 300W)
= 1.59 nm/s

[8.11.2002]

Nb1 (base)
= 150 nm
Al = 8 nm

Nb2 (top)
= 230 nm

200 nm for
tuning with SiO2

as dielectric
desired

+ 30 nm for CMP
top electrode
erosion during
wiring sputter
clean

Al sputtering
parameters
r(Al,150W)
= 0.89 nm/s

r(Al,75W)
= 0.59 nm/s

de-gas load lock (LL): 3h with quartz lamp

p £ 4⋅10
-8
mbar else 3:00 NbTi getter-sputter,

wait ≥ 2 h ( or overnight)

turn on cooling for sputter station and cathodes:
water, pump and Peltier (4 A)

10:00 Ar sputter-clean “490EBL trilayer” aperture
of pallet, 100 W, 3 Pa

1:30 150°C HP pre bake
place substrate with some APIEZON on heated
(90°C HP) sputter pallet, fix diam. 22 aperture
(“490EBL trilayer”) onto pallet
place pallet into LL

evacuate to 1⋅10
-1
mbar, then N2 inlet through VK

valve
cooling LL RF cathode, stays on
1:00 wait
evacuate to < 9⋅10

-6
mbar (ª 1:00)

3:00 O2 clean (10 Pa, 220 V, ª 10 W, 25 sccm)
reduce to 2.5 sccm for oxidation at end
evacuate to < 4⋅10

-6
mbar (ª 1:00)

transfer into sputter chamber (SC)
2:00 wait to pre-sputter, vacuum gauge stays off
move aperture to pos. 3
switch power-supply to DC-Sputter, Nb cathode

3:00 Nb pre-sputter (300 W, 250 sccm, Ar, 1.44
Pa)
1:34 Nb1 sputter (150 nm): move aperture to pos.
1
(300 W, 250 sccm, Ar, 1.45 Pa)

let Ar in to 2.5E-1 mbar, then HK valve shut, cryo
throttle shut, stop flow with HK valve
5:00 wait to pre-sputter, vacuum gauge stays off,
open cryo pump throttle prior Al pre-sputter

move sputter plate to pos. 2 (1 1/3 clockwise)
move aperture to pos. 4
switch power-supply to Al cathode

3:00 Al pre-sputter (150 W, 250* sccm, 1.88 Pa)
0:20 Al sputter (12 nm): move aperture to pos. 2
(75 W, 250 sccm, 2.00 Pa)
Ar off, cryo throttle full open
move sputter plate back to pos. 1
pallet transfer into LL

Al oxidation (1.0 sccm O2 – stop with VK valve -
decrease flow very slowly to 1.5 sccm, then close
turbo throttle, water cooling on)

(jc = 14 kA/cm
2

required by design):

9:00 - 9:30 @ 1.60 Pa

2:00 evacuate (no vacuum gauge), cooling LL off,
leave VK valve open for 1:00
turn water cooling LL off

transfer into SC
1:00 wait to pre-sputter, vacuum gauge stays off
move aperture to pos. 3

reduce to 10 W for
process at end and
check O2 clean
process impedance
match

impedance match?

temperature of
substrate cooling
=

(reading @ “Vorlauf”)

for thermal contact
prior Al sputtering
(sputter cooling)

temperature of
substrate cooling
=

oxidation
parameters vary
with substrate
material and
thickness!!

static pressure
during oxidation

take time at half
pressure values
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switch power-supply to Nb cathode

3:00 Nb pre-sputter (300 W, 250 sccm, Ar, 1.44
Pa)
2:25 Nb2 sputter (230 nm): move aperture to pos.
1
(300 W, 250 sccm, Ar, 1.45 Pa)
Ar off, cryo throttle full open
move sputter plate back to pos. 1

pallet transfer back to LL
ventilate LL
reduce Peltier current to 0A, switch off sputter
station cooling pump

5. wafer cleaning
step

heat up sputter pallet short on 90°C HP
dip wafer in TCE used (p) / new (p)
IPA rinse
0:30 IPA (p), rinse
spin(4000, N2 + IPA, 5x)

6. definition of RF-
chokes

(AZ 5214 +
AZ 726)

IMAGE
REVERSAL

* PR in syringe must be new *, need HP at 120°C
clean mask if necessary:
H2O, ACE, IPA N2 blow dry of center,
swab with ACE / IPA for more persistent marks

1:30 90°C HP pre bake
1:00 HMDS, wafer on spinner, no vacuum
0:40 spin(4000, thorough N2 blow)
AZ 5214 coat: spin(0:40, 4000 rpm)
1:30 90°C HP soft bake (SB)
2:30 UV400 exp. edge bead removal (EBR), soft
contact, diam. 21 mask
1:00 develop in AZ 726, H2O rinse
0:40 spin(4000, N2)
0:30 UV300 exp. “TRILAYER”
1:30 120°C HP RB (reversal bake)
1:42 (1.7 min) UV300 flood exposure, no mask,
wafer on Si subwafer, soft contact, O-ring on top
1:00 develop in AZ 726
thorough, but gentle H2O rinse
0:40 spin(4000, little N2 on wafer center)

7. inspection of RF-
choke litho
(microscope
check)

definition O.K.? any residue left?

8. RIE of RF-
chokes (trilayer
etch)

SF6 / CHF3 for
Nb,
Ar sputter-etch
for Al2O3 / Al

visual end-point
determination
through port
hole in RIE
chamber

process is
completely in-
situ

turn on RIE PC for correct voltage reading

5:00 evacuate process gas lines for Ch.4 if NF3
used during last etch:
max. flow on Ch.4, 5:00, gas=on:
let flow decreases to zero

place VA template in etcher
pre-condition etcher: (switch Penning off)
30:00 Ar, 10 µbar, 6 sccm, 70/1 W @

adjust to SF6 / CHF3 process:
3/2 sccm, 10 µbar, 275V (16/1 W):
impedance match!

use as little time as possible, else chamber
contamination influences etch behavior!!!

2:00 before end of pre-conditioning:
1:30 90°C HP wafer bake
place wafer on spinner, short N2-blow

(recipe still under
evaluation)
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place wafer in etcher and pump down LL
pvac £ 3⋅10

-2
mbar: transfer into main chamber

pvac £ 3⋅10
-5

mbar: start etching process

RIE Nb2 (230 nm):
(SF6 / CHF3, 3 / 2 sccm, 10µbar, 275V (16/1 W),
manual control

1:45 etch (clear-up + 20 s)

sputter-etch Al2O3 / Al barrier
use first etching cycle for impedance match:
Ar, 10 µbar, 6 sccm, 540V, 50 W, remote (PC)

17x 1:00 etch / 1:00 break, 10 µbar, 50 W, ~
550V,

RIE Nb1 (150 nm):
(SF6 / CHF3, 3 / 2 sccm, 10µbar, 275V, 17/2 W,
manual):
don’t change matching increase P to yield 275 V

1:25 etch (clear-up + 20 s)

9. inspection of
trilayer RIE
(microscope)

cleared?
e-beam alignment crosses O.K?

10. PR removal 1:00 soak Ace5 (p)
0:30 Ace 5 (p)
0:30 IPA (p)
IPA rinse
0:40 spin(4000, IPA / N2 x5)

11. inspection of PR
removal
(microscope)

wafer clean?

spin-coat with PMMA

12. preparation for
junction
definition
through
e-beam
lithography

PMMA
AR669.04
(600k, 4 %)

+ 10 nm Al
for charge
dissipation

r(Al,75W)
= 0.59 nm/s

let PMMA bottle heat up to room temperature

1:00 90°C HP pre bake
PMMA coat:
150 µl with micro pipette, no filtering, no HMDS
spin(0:40, 4000 rpm)
1:00 wait on spinner, no vacuum (PMMA re-flow)
3:00 120°C HP bake, no vacuum

check: is PMMA layer clean and bubble free?

put wafer on sputter pallet with very little APIEZON

see 3. for sputter procedures

(no plasma clean, diam. 22 “490EBL Al/Au”
aperture)

sputter 0:17 Al for 10 nm

remove APIEZON with swab and little TCE
spin(4000, little N2)

heat up wafer 0:30 on 90°C HP prior to loading
into SEM

load into SEM
(scratches with metal tweezers for “definition” of
large areas for later mask and RIE thickness

replace PMMA in
small bottle if older
than 1 month

220 nm thickness

pre-sputter 3:00
when following
reactive sputtering,
else pre-sputter 1:30
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measurements: on large rectangular areas next to
UV alignment)

13. e-beam
lithography of
junctions

follow procedures in SEM manual

e-beam dose to area variation:

see accompanying Excel spreadsheet:

490EBL…..….xls (dose variation per device)

lithography (ACAD-)mask used:

490EBL……....dwg (AutoCAD 12 formatted)

14.0 pA beam current and 20 kV acceleration
voltage

14. PMMA
development
(MIBK AR600-
56, stopper
AR600-60)

check wafer appearance prior to Al etch
(substrate is “light gray” = thin Al layer): CCD
system

1:50 etch in Al etch solution (diluted 1:3 H2O):
use pipettes, move wafer from top to bottom of
beaker to stir liquid, only slow movements else
bubbles occur
thorough rinse with H2O
0:40 spin blow dry (4000, N2)

check wafer appearance after Al etch
(substrate should be “black” not grayish = Al
gone)

4:00 develop in AR600-56
0:30 stop in AR600-60 (or IPA)
IPA rinse
0:40 spin blow dry (4000, N2)

solution not too old?

clear-up + 30 sec.

else etch longer,
mix new etch
solution for next
wafer

15. e-beam area
analysis
(best image
contrast)

check and measure junction sizes,
register results per device species into
spreadsheet:

490EBL……._pmma_def.xls

in case discrepancies visible:

new e-beam process

clean for new PMMA coating:
2:00 Remover soak
0:15 Remover
0:30 ACE 5 (p)
0:30 IPA
IPA rinse
0:40 spin(4000, IPA / N2 x5)

go back to 10.
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16. definition of
junction etch
mask

DC-sputter

20 nm Al
+20 nm Au
(passivation
against isolation
etch mask
development)

r(Al, 75W)
= 0.59 nm/s

r(Au, 25W)
= 0.33 nm/s

1:30 90°C HP bake, switch on sputter station
cooling (Peltier current = 4A)

place wafer on pallet with little APIEZON, use diam.
22 “490EBL Al/Au” aperture

see 3. for sputter procedures

plasma de-scum
1:00 Ar, 3 Pa, 6 W, 225 V, 33 sccm

transfer into main chamber, turn LL cooling off

layer sputtering
3:00 pre-sputter Al
0:34 Al, 75 W for 20 nm
0:30 pre-sputter Au
1:00 Au, 25 W for 20 nm

“soft clean”

temperature
(“Vorlauf”) of sputter
station

=

17. etch mask lift-off heat up carrier on 90°C HP
dip wafer in TCE used (p) / new (p)
IPA rinse
20:00 soak wafer in AR300-70 (p) remover,
after 10:00:
10x UA pulse

swab wafer surface (on glove)
1:00 AR300-70 (p) UA
IPA rinse
0:30 ACE lift-off 5 (p)
IPA rinse
0:30 IPA 1 (p)
IPA rinse
0:40 spin(4000, IPA / N2 x5)

use minimum
amount of UA!

18. microscopic
measurement of
etch mask areas
(difficult) and

layer thickness
metrology

wafer clean? lift-off of etch mask?

measure trilayer (several points) and etch mask
thickness

(adjust sputtering rates?)

calculate new Nb (300W) sputtering rate

r*(Nb, 300W) =

trilayer =
nm

(target = 392)

etch mask = nm

(target = 40)

19. post metrology
clean

IPA rinse
0:30 IPA (p)
IPA rinse
0:40 spin(4000, IPA / N2 x5)

then resist coat, next step

20. definition of
junction isolation
(secondary etch
mask)

UV contact
lithography

AZ MIR701
+ AZ 726

clean mask if necessary

1:30 90°C HP pre bake
1:00 HMDS coat: wafer on spinner, no vacuum
0:40 spin(4000, thorough N2 blow)
AZ 7212 coat: spin(0:40, 4000 rpm)
1:00 90°C HP SB
2:30 UV400 exp. EBR, soft, “diam. 21”
1:00 develop in AZ 726, H2O rinse
0:40 spin(4000, N2)
0:36 UV300 exp. “ISOLATION”
1:00 110°C PEB
1:00 develop in AZ 726, H2O rinse
0:40 spin(4000, N2)
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(1:30 90°C HP when process break)

RIE should follow

21. Nb reflectivity
measurement,
pt.1

measure reflectivity of Nb
(12bit gray, 1000x, 30x30 µm

2
area, histogram

function, standard setting in OPTIMAS software,
camera gain =+8 dB)

keep microscope settings

int(taper C24) =
int(etch monitor middle) =
int(etch monitor left top) =
int(etch monitor right bottom) =

set microscope
lighting to yield a
value of roughly
2500

22. RIE of Nb2 layer
(junction top
electrode)

with SF6 / CHF3

etch with visual
end-point
determination
through port
hole,

check with
reflectivity
measurement

turn on RIE PC for correct voltage reading

5:00 evacuate process gas lines for Ch.4 if NF3
used during last etch:
max. flow on Ch.4, 5:00, gas=on:
let flow decreases to zero

place VA template in etcher
pre-condition etcher: (switch Penning off)
30:00 Ar, 10 µbar, 6 sccm, 70/1 W @

adjust to SF6 / CHF3 process:
3/2 sccm, 10 µbar, 275V (16/1 W, manual control):
impedance match!

use as little time as possible, else chamber
contamination influences etch behavior!!!

2:00 before end of pre-conditioning:
1:30 90°C HP wafer bake
place wafer on spinner, short N2-blow
place wafer in etcher and pump down LL
pvac £ 3⋅10

-2
mbar: transfer into main chamber

pvac £ 3⋅10
-5

mbar: start etching process

RIE Nb2 (230 nm):
(SF6 / CHF3, 3 / 2 sccm, 10µbar, 275V, 16/1 W,
manual)

etch 4 : 00 (clear-up + 20 s)

reduce voltage!!!!

(recipe under
evaluation)

approx., final value
tbd.

23. measurement of
reflectivity, pt. 2

same settings as pt. 2, target delta=400-500

int(taper C24) =
int(etch monitor middle) =
int(etch monitor left top) =
int(etch monitor right bottom) =

24. PR removal 2:00 soak in ACE lift-off 2 (p)
0:30 ACE lift-off 2 (p)
ACE rinse
1:00 ACE lift-off 3 (p)
IPA rinse
1:00 IPA 1 (p)
IPA rinse
0:40 spin(4000, IPA / N2 x5)

25. inspection of
junction RIE
(microscope)

wafer clean?

measure exemplary junction areas for
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490EBL……._RIE_def.xls

and shoot some images for documentation
purposes

additional clean:
IPA rinse
spin(4000, IPA / N2 x5)

26. definition of
CMP monitor
and bond pad
contact areas
(for lift-off
defined SiO2
holes)

AZ 5214 +
AZ 726

IMAGE
REVERSAL

* PR in syringe must be new *, need HP at
120°C,
clean mask with H2O, ACE, IPA N2 blow dry of
center, paintbrush with ACE / IPA for more
persistent marks)

1:30 90°C HP pre bake
1:00 HMDS, wafer on spinner, no vacuum
0:40 spin(4000, thorough N2 blow)
AZ 5214 coat: spin(0:40, 4000 rpm)
1:30 90°C HP SB
2:30 UV400 exp. EBR, soft, diam. 21 mask
1:00 develop in AZ 726, H2O rinse
0:40 spin(4000, N2)
0:30 UV300 exp. “SiO2 HOLES”, hard contact
1:30 120°C HP RB
1:42 (1.7 min) UV300 flood exposure, no mask,
wafer on Si subwafer, soft contact
1:00 develop in AZ 726
thorough, but gentle H2O rinse
0:40 spin(4000, little N2 on wafer center)

27. inspection of
litho
(microscope)

use yellow filter on microscope

place into rf sputterer

28. rf sputter
deposition of
tuning dielectric

600 nm SiO2

(needed for
planarization)

dep. rate
r (SiO2, 200 W)
= 32.9 nm/min
[11.2002]

200 W (net P)
p = 1.0 Pa,
d = 50 mm
target dist.

1.5x metalization
layer thickness
required for
planarization

(sputter less,
e.g. only 550
nm?)

1:30 90°C HP bake
place wafer on substrate carrier with APIEZON

screw carrier onto station, center over rf cathode,
check if shutter fits

cooling water changed to rf cathode?
rf generator, match box cooling on

pump (turbo full power, turn Penning on),
p £ 2⋅10

-5
mbar: plasma clean (Penning off)

throttle turbo, open shutter, open needle valve
3:00 4E-2 mbar (air via Ar gas line)

re-connect Ar gas line, switch substrate cooling on,
turbo full power, close shutter
wait until p £ 1.5⋅10

-5
mbar: leave Ar valve open

5:00 evacuate gas line
5:00 Ar flow @ 1⋅10

-4
mbar, shut valve before

opening Ar gas cylinder)
set zero point Baratron, throttle turbo
let Ar in to 180 mV for plasma ignition, switch rf
generator routing to match box

1:00 pre-sputter, reduce Ar flow to 38 mV (1.0 Pa),
increase to 200 W net power (typically 203/3 W),
impedance match?
5:00 Sputter 1 (200 W net)
5:00 cooling break 1 (reduce to 5 W, shutter open)
5:00 Sputter 2
5:00 cooling break 2
5:00 Sputter 3
5:00 cooling break 3

approx. 2 h

(temporary)
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3:14 Sputter 4
turn off rf generator, reduce P setting, switch
routing back to sputter LL, stop Ar flow, close RIE
valve and Ar cylinder
5:00 cool down phase, with rf cathode and
substrate chamber vent

29. SiO2 lift-off heat up carrier on 90°C HP
dip wafer in Tri used (p) / new (p)
IPA rinse
20:00 soak in ACE lift-off (p)
1:00 ACE lift-off (p)
ACE rinse
1:00 ACE lift-off 2 (p)
IPA rinse
1:00 IPA (p)
IPA rinse
0:40 spin(4000, IPA / N2 x5)

swab with Ace on spinner (stopped) if necessary

sputtered SiO2 lift-off
very difficult! try
water, AZ remover
(CMP should
enhance lift-off)

30. SiO2 metrology wafer clean, all PR removed?

measure SiO2 distribution and calculate mean
thickness

extra swabbing possible (IPA/ACE)

mean SiO2 thickness = nm

final clean
(backside of wafer must be clean for CMP)
IPA rinse
0:30 IPA
0:40 spin(4000, IPA / N2 x5)

31. preparation of
substrate /
subwafer
combination for
CMP

2” Si subwafer
(290 µm)

thin film wax
bonding
(LOGITECH

OCON-195)

use wet bench in new litho lab

clean CMP subwafer
1:00 TCE CMP beaker (if necessary)
1:00 H2O CMP beaker
1:00 IPA CMP beaker
IPA rinse
0:40 spin(new spinner, 4000, IPA / N2 x5)

heat up CMP subwafer on HP (flow box) at 100°C
place drop of thin film wax on center of subwafer,
distribute when molten

place substrate onto CMP subwafer
let wax draw under wafer
move wafer to edge of subwafer and slowly back
to the center (removes air bubbles)

place CMP weight centrally onto substrate /
subwafer combination
move combo a little in circular motion (take care for
wax spillovers)
turn off HP, let combo cool down (ª 10 min)
take off weight very carefully (if stuck to combo
heat up combination from cap side)

visual and microscopic check
wax film must be clean and completely bubble-free,
else remove wafer and try again

combo clean
1:00 soak in TCE CMP beaker
0:30 TCE CMP beaker
0:30 IPA CMP beaker

CMP weight
(500 g, diam. 23,
1.2 N/cm2) with
Teflon cap

achieved wax
thickness
=



�32 ����������	 ����
� 
�� 5G.��! ���$ 2/2

IPA rinse
0:40 spin(new spinner, 4000, IPA / N2 x5)

measure wax bonding layer thickness (digital
gauge)
if thickness / planarity insufficient
heat up combo, move combo with CMP weight to
spread out wax layer

final clean for CMP
IPA rinse
0:30 IPA CMP beaker
IPA rinse
0:40 spin(new spinner, 4000, IPA / N2 x5)

cure thin film wax bonding layer
0:15 100°C sputter HP (flow box) or wait until wax
film re-flows to substrate edge

achieved film
planarity
=

target
thickness < 5 µm
planarity < ± 4 µm
for all wafer points

32. CMP
startup

polishing head:
PA6,6 Template
#1 with VA back

recess depth
= 1.27±0.01 mm

with DF200 +
subwafer
= 185±5 µm

approx. 100 µm
wafer extension

fill up polishing slurry container with 750 ml

turn on magnetic stirrer > 30 min in advance

remove lid on IC-1000 polishing pad

thoroughly flood pad with H2O
spin off H2O

0:30 turn on slurry pump to purge slurry line (aim
next to pad surface, maximum flow setting)

rinse diamond conditioner with H2O, place it onto
pad

initial pad pre-condition (dry pad / new process)
2x 5:00 H2O (80 / 80 rpm)
first at 1/3 radius position,
then at 2/3 radius position

rinse conditioner and pad (spin off) with H2O

standard polishing
parameters:

D1 = pad speed =
20 rpm = 0.64 m/s

D2 = head speed
= 24 rpm @ “100” in
display U2

ILD1200 slurry

diluted to
3 wt. % silica
conc.:

160 ml slurry, fill to
750 ml with H2O

33. CMP sequence

step 1

5:00 pre-condition 20 rpm / 24 rpm (“100”)
continuous H2O flow (250 ml)

rinse head thoroughly with H2O:
rub backing film in wafer with glove (remove old
slurry residue)

place head onto pad

1:00 pad charging with slurry 20 rpm / 24 rpm

rinse polishing head with H2O

place CMP wafer/chip combo onto backing film

carefully place polishing head onto polishing plate

3:00 polish 20 / 24 (“100”) rpm

1:00 slurry removal / cleaning step
20 rpm / 24 rpm
stop slurry feed
continuously pour H2O onto pad (250 ml)

lift wafer / subwafer combo from head recess
thorough H2O rinse

slurry flow
6ml/min

110 bpm, 10%
stroke

start with 3:00
intervals, reduce to
0:30 or 0:15
duration for last CMP
steps

reduce to 0:30 for
last CMP steps
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place combination in transport box filled with H2O
keep combo wet
keep pad wet

intermediate clean of combo
H2O rinse
0:30 H2O CMP beaker
0:30 IPA CMP beaker
0:40 spin(new spinner, 4000, IPA / N2 x5)

analysis
measure (field-)SiO2 thickness
measure junction isolation topography

planarization state:

field thickness: nm – nm
ISO thickness: nm – nm

remaining field oxide left
fi calculate approximate next polishing duration

cure thin film wax bonding layer
0:15 100°C sputter HP (flow box) or wait until wax
film re-flows to substrate edge

metalization height
=

initial SiO2 thickness
=

34. CMP step 2 pre-condition 5:00

polish

:

slurry removal / cleaning step
1:00 stop slurry feed,
continuously pour H2O onto pad (250 ml)

35. intermediate
CMP clean 2

as above

36. CMP
analysis 2

field thickness: nm – nm
ISO thickness: nm – nm

37. following CMP
steps

(3-6)

as above

38. final CMP clean

NH4OH, 2%

PVA sponge

Keep wafer wet
H2O rinse
Scrub wafer combo with PVA sponge and NH4OH
(2%) solution
H2O rinse
0:30 H2O CMP beaker
0:30 IPA CMP beaker
0:40 spin(new spinner, 4000, IPA / N2 x5)

39. CMP
planarization
analysis

field thickness: nm – nm
ISO thickness: nm – nm

note colors of dielectric windows

visual confirmation that top electrodes are dielectric
free?

topography measurements fi calculate 2d
dielectric thickness values

record CMP data into
cmpdata.xls

200 nm+ (wiring
sputter clean) final
dielectric thickness
needed
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40. wafer removal &
cleaning

clean wafer/subwafer combination
0:40 spin(4000, H2O + swab, IPA rinse, N2)
heat up wafer / subwafer on HP (flowbox)
slide wafer off subwafer with tweezers
clean wafer
1:00 TCE used
dip TCE used (p)
dip TCE (p)
IPA rinse
1:00 H2O (p)
IPA rinse
1:00 ACE 2 (p)
IPA rinse
1:00 IPA 1 (p)
IPA rinse
0:40 spin(4000, IPA rinse, N2)

clean subwafer
1:00 TCE
1:00 IPA
spin(4000, IPA, N2)

definition of
tuning top
electrode
(“wiring”), bond
pad
reinforcement,
dicing alignment
marks

AZ 7212
+ AZ 726

* PR in syringe should not be older than 1 day *

1:30 90°C HP pre bake
1:00 HMDS coat: wafer on spinner, no vacuum
0:40 spin(4000, thorough N2 blow)
AZ 7212 coat: spin(0:40, 4000 rpm)
1:30 90°C HP SB
3:00 UV400 exposure, soft
0:30 develop in AZ 726, H2O rinse
0:40 spin(4000, N2)
0:25 UV300, hard + vac exposure
0:45 110°C HP PEB
1:00 develop in AZ 726, H2O rinse
0:40 spin(4000, N2)

note:
MIR701 not yet
evaluated for wiring
litho / lift-off

41. deposition of
tuning top
electrode, bond
pad and dicing
mark layers

DC-sputter
350 nm Nb
+30 nm Au

low power
Ar clean

r(Nb, 300W)
= 1.59nm/s

p = 1.45 Pa

r(Au, 25 W)
=0.33 nm/s

p = 1.75 Pa

clean “490EBL wiring” aperture of pallet
use I/KI solution, H2O rinse, UA?, bake
then
10:00 Ar sputter-clean, 100 W, 3 Pa
(cover substrate position with aluminum foil)

turn on cooling for sputter station and cathodes:
water, pump and Peltier (4 A)

1:30 90°C HP pre bake
place substrate with some APIEZON on heated
(90°C HP) sputter pallet
place pallet into LL

cooling LL RF cathode on
evacuate to < 9⋅10

-6
mbar

3:00 Ar clean (3.0 Pa, 405 V, 25 W, 25 sccm)
cooling LL RF cathode off
evacuate to < 4⋅10

-6
mbar (ª 1:00)

transfer into sputter chamber (SC)
2:00 wait to pre-sputter, vacuum gauge stays off
move aperture to pos. 3
switch power-supply to DC-Sputter, Nb cathode

3:00 Nb pre-sputter
(300 W, 250 sccm, Ar, 1.52 Pa)
2:00 Nb1 sputter: move aperture to pos. 1
(300 W, 250 sccm, Ar, 1.45 Pa)

1:00 cooling break: move aperture to pos. 3,
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plasma and gas on, 1.44 Pa

1:40 Nb2 sputter: move aperture to pos. 1
(300 W, 250 sccm, Ar, 1.45 Pa)
gas off, open cryo

move sputter plate to pos. (2 2/3 clockwise)
move aperture to pos. 1
switch power-supply to Au cathode

0:30 Au pre-sputter (25 W, 250 sccm, 1.75 Pa)
1:30 Au sputter (30 nm): move aperture to pos. 3
(25 W, 250 sccm, 1.75 Pa)
Ar off, cryo throttle full open
move sputter plate back to pos. 1
pallet transfer into LL

ventilate LL
reduce Peltier current to 0A, switch glycol pump off

42. wiring lift-off heat up carrier on 90°C HP
dip wafer in Tri used (p) / new (p)
IPA rinse
20:00 soak in ACE lift-off (p)
1:00 ACE lift-off (p)
IPA rinse
swab with Ace on spinner (stopped)
1:00 ACE lift-off 1 (p)
1:00 ACE lift-off 5 (p)
IPA rinse
0:30 IPA (p)
IPA rinse
0:40 spin(4000, IPA / N2 x5)

43. wiring layer
metrology

measure total thickness of wiring layer (SiO2

removal approx. 15 nm through Ar sputter clean)
thickness
=

44. protection layer
for dipstick
dicing

coat with PR for protection
1:30 90°C HP pre-bake
1:00 HMDS coat: wafer on spinner, no vacuum
0:40 spin(4000, thorough N2 blow)
AZ 5214 coat: spin(0:40, 4000 rpm)
1:30 90°C HP SB
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violet red420

red violet440

violet460

blue violet470

carnation pink410

light orange390

yellow370

yellow green360

green - yellow green350

light green340

blue - blue green320

blue310

blue - violet blue300

red violet270

orange - melon250

gold with slight yellow orange220

light gold or yellow slightly metallic200

metallic - very light yellow green170

light - metallic blue150

royal blue120

dark - red violet100

brown70

tan50

Color
Thickness

[nm]

dull yellow green950

yellow - “yellowish”970

orange990

carnation pink1000

blue green920

blue890

blue violet870

violet860

dull, light red violet850

salmon820

orange800

“yellowish”770

blue green - green720

“bluish” ( violet red, blue green, grayish)680

violet red630

carnation pink600

light orange - yellow - pink580

yellow - “yellowish” (light gray - metallic)570

green yellow560

yellow green540

green520

blue green500

blue490

Color
Thickness

[nm]
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