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Detector Array Readout with Traveling Wave AmplifieRS

Sputtering deposition @ FBK (CR-M)

o Load-lock chamber + 2 deposition chambers = vacuum ~1e-8 mbar

o Upwards sputtering

o Nb(0.80)Ti(0.20) target PVD Kenosistec 800 C
o Example of recipe for NbTiN films:

Parameter Value

Power (P) 600 W
Pressure (p) 3e-3 mbar
Ar flow (f,,) 50 sccm
N, flow (fy,) 7 sccm
Chuck temperature (T) 400 °C
Deposition time (t) 4 minutes
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Optimising NbTiN deposition
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Detector Array Readout with Traveling Wave AmplifieRS

1) How the relevant figures of merit (T, R, L) depend on the sputtering parameters?

2) Can we reach the goal values, i.e. T.~ 14 Kand L~ 10 pH?

m Variable parameters Fixed parameters

DWT2 (11 wafers)
Blank (i.e. no litho)

DWT3 (4 wafers)
Litho: KIDs mask

DWT3-bis 2 (2 wafers)
Litho: KIDs mask
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P [W], p [mbar], N, flow [sccm]

t [minutes]

t [minutes]

Ar flux [sccm], T [°C], t [minutes]

P [W], p [mbar], Ar flow [sccm],
N, flow [sccm], T [°C]

P [W], p [mbar], Ar flow [sccm],
N, flow [sccm], T [°C]



Run DWT2: Recipes
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DWT2/T1
DWT2/T2
DWT2/T3
DWT2/T4
DWT2/T5
DWT2/T6
DWT2/T6B
DWT2/T7
DWT2/T8
DWT2/T9
DWT2/T10

700
700
700
1200
700
700
700
700
700
600

2e-3
3e-3
3e-3
3e-3
3e-3
3e-3
3e-3
3e-3
3e-3
3e-3
3e-3
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Detector Array Readout with Traveling Wave AmplifieRS

For all wafers:

Ar flux = 50 sccm
t = 6 minutes
T=400 °C
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Detector Array Readout with Traveling Wave AmplifieRS

Run DWT2: Measurement results

mmmm

DWT2/T1 2e-3 5 19.43 10.16 17.88 2.43
DWT2/T2 700 3e-3 4 - 5.15 21.5 5.77
DWT2/T3 700 3e-3 5 - 10.38 17.75 2.36
DWT2/T4 700 3e-3 6 - 13.9 15.63 1.55
DWT2/T5 1200 3e-3 5 14.34 <4.2 - -

DWT2/T6 700 3e-3 7 31.11 11.34 34.75 4.23
DWT2/T6B 700 3e-3 7 19.19 14.17 19.63 1.91
DWT2/T7 700 3e-3 8 26.9 13.16 29.75 3.12
DWT2/T8 700 3e-3 6.5 18.64 13.86 19.25 1.92
DWT2/T9 700 3e-3 7 19.86 13.77 27.75 2.78
DWT2/T10 600 3e-3 7 26.35 13.77 21.13 2.12

2mm
<+—>>
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Detector Array Readout with Traveling Wave AmplifieRS

Run DWT2: Plots

. w0 (W[ PIW] | pimbar] | fy, [scem] [EECEIRIEE
e T1
200] ¢ T2 T ALY - > Ar flow = 50 sccm
s T3 T2 700 3e-3 4 t = 6 minutes
« T4 T3 700 3¢-3 5 T=400"°C
T6B
1504 . T7 T4 700 3e-3 6
o o« T8 T5 1200 3e-3 5
g e T9
o T6 700 3e-3 7
100 -
T6B 700 3e-3 7
| T7 700 3e-3 8
|
50 1 g T8 700 3e-3 6.5
{ T9 700 3e-3 7
0. J T10 600 3e-3 7
4 6 8 10 12 14 16
T/K

14 |



Te [K]

Run DWT2: Plots

Tevs fy,
14{ & T2
o Tl .
& T3 *
T4
12 4 T8
T6B
To
& TI10
107 o 717
8-
6_
L J
40 45 50 55 60 65 70 715 80
fi, [scem]

=€

Rs [Q/sq]

30

28 1

26

24 A

22 A

20 A

18 -
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Detector Array Readout with Traveling Wave AmplifieRS

Rq vs fy,
® T2 L
¢ T1
¢ T3
T4
T8 T2
T6B
T9 T3
¢ T10
* 7 T4
'S . T5
T6
T6B
¢
T7
. . . . : . . . . T8
4.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0
fi, [scem] T9
T10

T1 700

700
700
700
1200
700
700
700
700
700
600

3e-3

Ar flow = 50 sccm

t = 6 minutes

T=400°C
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Detector Array Readout with Traveling Wave AmplifieRS

Run DWT2: Plots

L vs fy,
W ewl | pimbar | e lseml
¢ ¢ T2 1 700 2e-3 5
¢ T1
¢ T3 T 700 3e-3 4
5 - T4
T6B T4 700 3e-3 6
T9
T 41 ¢ TI10 T5 1200 3e-3 5
5 ¢ T6 700 3e-3 7
E¥
= R ¢ T6B 700 3e-3 7
T7 700 3e-3 8
$ T8 700 3e-3 6.5
5 ] .
T9 700 3e-3 7
T1I0 600 3e-3 7
4:0 4:5 5:0 5:5 6:0 6.I5 7:0 7:5 8:0
fi, [sccm] Ar flow = 50 sccm
t = 6 minutes
Rs-h T=400°C

Lx(0) =
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m-Tc- kg - 1.762 I
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Detector Array Readout with Traveling Wave AmplifieRS

‘ Run DWT2: Plots

L vs fy,
. — TP pimbar | fulscam)
¢ T1 T1 700 2e-3 5
¢ T3
5 T4 T2 700 3e-3 4
T8 T3 700 3e-3 5
T6B
T9 T4 700 3e-3 6
= 47 T5 1200 3e-3 5
2 L 2
X T6 700 3e-3 7
3. o T6B 700 3e-3 7
T7 700 3e-3 8
$ @ T8 700 3e-3 6.5
21 T9 700 3e-3 7
T10 600 3e-3 7
4.0 45 5.0 5.5 60 65 7.0 7.5 8.0
fy, [sccm] Ar flux = 50 sccm
t = 6 minutes
Rs-h T=400°C

Lx(0) =

- 7-Te - kg - 1.762
o-1¢ |



Run DWT3 & DWT3-bis: recipes

DWT3/wl
DWT3/w2
DWT3/w3
DWT3/w4
DWT3-bis/w1
DWT3-bis/w2

Lithography with KIDs mask = more precise measurement of thickness:

|
. — E—

6
2
9
4
3
3

- Comparison with DWT2/T10
to test reproducibility
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Detector Array Readout with Traveling Wave AmplifieRS

For all wafers:

P=600W
p = 3e-3 mbar
Ar flux = 50 sccm

N2 flux = 7 sccm
T=400°C

Tm=S—(Tox—Tox’)




‘ Run DWT3 & DWT3-bis: Results

e e e el
[nm] [Q/sq]

DWT3/w1l
DWT3/w2
DWT3/w3
DWT3/w4
DWT3-bis/w1l
DWT3-bis/w2

=€

36.41
?

52.19
23.38

5

Thickness vs. Time

Thickness

60

40
[

20.

Sputtering rate ~6 nm/minute
0

29.37
92.22
16.87
38.25

4 5 6 7 8

Time
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13.45 324 3.32
12.03 128 14.7
14.07 17.8 1.75
13.35 455 4.70

[ Res2_1 I

Detector Array Readout with Traveling Wave AmplifieRS

For all wafers:

P=600W

p = 3e-3 mbar
Ar flux = 50 sccm
N2 flux = 7 sccm
T =400 °C

Fab is ongoing...
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Detector Array Readout with Traveling Wave AmplifieRS

‘ Run DWT3: Plots

Homogeneity of film thickness from sheet resistance measurements

6 minutes 2 minutes 9 minutes 4 minutes

DWT3_wl

DWT3_w2 DWT3_w3

17.04

38.60

16.99

16.94

16.89

5 5 5 5
H H H H
3 3 3 38.15 3
§ § 1684 § ¢
3 3 3 3
5 5 B %5
£ £ £ £
16.79
37.85
16.74
87.71 3120
16.69 37.55
16.64 37.40
Total variation: 34.15 % Total variation: 33.39 % Total variation: 2.96 % Total variation: 4.13 %
Variation excluding flat area: 6.54 % Variation excluding flat area: 8.9 % Variation excluding flat area: 2.96 % Variation excluding flat area: 4.13 %
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Detector Array Readout with Traveling Wave AmplifieRS

‘ Run DWT3: Plots

o 101+ Normalised | Wafer | t[min] | T [nm] |
e w3 e w3 DWT3/wil 6 36.41
10004 * w4 084 ° w4 DWT3/w2 2 ?
DWT3/w3 9 52.19
800 -
0.6 - DWT3/w4 4 23.38
c c
= 9007 = S P=600W
0.4 4 : =
400 4 . p = 3e-3 mbar
» Ar flux = 50
s
0.2 - N sccm
2001 s N2 flux = 7
sccm
01 0-01 T =400 °C
10 11 12 13 14 1 10 11 12 13 14 15
T/K T/IK

o 14 I



Te [K]

‘ Run DWT3: Plots Tc

14.00 -

13.75 A

13.50 -

13.25 A

13.00 -

12.75 -

12.50 A

12.25 -

12.00 -

w2
w4

w3

e,

<

5 6
time [minutes]

Te [K]
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Detector Array Readout with Traveling Wave AmplifieRS

14.00 -

13.75 A

13.50 -

13.25 A

13.00 -

12.75 -

12.50 A

12.25 -

12.00 -

w2
w4

w3

| wafer | tmin] | T{nm]_

DWT3/w1l 6 36.41
DWT3/w2 2

DWT3/w3 9 52.19
DWT3/w4 4 23.38

?

P=600W

p = 3e-3 mbar
Ar flux = 50
sccm

N2 flux =7
sccm
T=400°C

10

20 30
thickness [nm]

40

50



Rs [Q/sq]

‘ Run DWT3: Plots Rs

L 2 ¢® w2
120 A w4
wl
¢ w3
100 A
80 A
60 -
40 A
20 A ¢
2 3 4 5 6 7 8 9
time [minutes]
|
[

-1 4

Rs [Q/sq]
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Detector Array Readout with Traveling Wave AmplifieRS

120 +

100 -

80 -

60 -

40 1

20 A

water | timin | Tiom]

x‘ll DWT3/w1l 6 36.41
DWT3/w2 2

DWT3/w3 9 52.19

DWT3/w4 4 23.38

?

P=600W

p = 3e-3 mbar
Ar flux = 50
sccm

N2 flux =7
sccm

. T =400 °C

10

20 30
thickness [nm]

40

50



‘ Run DWT3: Plots Rs

140 —

DWT3

1 1
Spessorenan hoto

120

100

80

Rp(Q)

60

40

20

-

20
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Thikness(nm)

40

50

60

Rs [Q/sq]
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Detector Array Readout with Traveling Wave AmplifieRS

o

® w2
120 A o wh
wl
w3
100 A
80 A
60 -
L 2
40 A
20 A ¢
10 20 30 40 50

thickness [nm]

water | timin | Tiom]

DWT3/w1l
DWT3/w2
DWT3/w3
DWT3/w4

P=600W

p = 3e-3 mbar
Ar flux = 50
sccm

N2 flux =7
sccm
T=400°C

6
2
9
4

36.41
?

52.19
23.38
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Detector Array Readout with Traveling Wave AmplifieRS

‘ Run DWT3: Plots Lk

Lk [pH/sq]

. .« . S e | i | 1o
wl Wl DWT3/wl 6 36.41
12 1 * w3 12 - * w3 DWT3/w2 2 ?
DWT3/w3 9 52.19
10 - 10
E3 DWT3/w4 4 23.38
8- 5 8-
X P=600W
6 6 - p = 3e-3 mbar
Ar flux = 50
4 - 4 sccm
N2 flux =7
sccm
2 - 2
| | | | | | | ¢ | | | | | i T =400 °C
2 3 4 5 6 7 8 9 0 10 20 30 40 50
time [minutes] thickness [nm]
Rc-h
Lg(0) = >
T - TC . kB . 1762
[ |
=€ |



