Orion Sputtering System
Growth Run Results
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AJA Orion Sputtering System

A zirconia (ZrO,) film was grown
on a 3" Si substrate

* substrate heated to 150°C and ™ e ——
rotated at 20 RPM | P

e pressure 3 mTorr with 30 sccm of |
Ar flow S -

* RF power varied from 50-60 W = e a8

over the course of the run
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15t Growth Run

Deposited ~ 240 nm of ZrO,
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kSA SpectR Spectral Reflectivity System

Growth run monitored using a SpectR
system:

* mounted on L port w/ 6” to 4.5”
reducing nipple and 4° angled viewport

* includes x-y translation stage
* viewport to sample distance ~ 55 cm

* 50mm & x 100 mm FL lens (400-1100
nm)

* 50 mm non-polarizing B/S cube (430-670
nm)

* light source leg (L sample) has 500 um
aperture, fed by a 400 um HOH
fiber (CCK-1281)

* spectrometer fed by a 600 um HOH fiber
(CCK-1283)

e 512-pixel 340-930 nm sensor operated
at 40°C (SNAA0674)
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kSA SpectR Spectral Reflectivity System

e uses a broad band illumination
source with a 9W quartz
tungsten halogen lamp with

closed-loop control for high SLS201L Spectral Power Distribution
stability. 1.0

* includes an integrated shutter

——SLS201L

for stray light removal ‘;‘0'3' Blackbody (T = 2796 K)
e 2796K color temperature — E:—o.s-

output peaks @ 1000 nm

| -

Q )
* power stability < 0.05% (1-c, % 0.4-

measured over 1 hour after 45 Q-

min warm up) 0.2
* power drift <0.01% per hour '
. o) 0.0 1 ¥ T T T ¥ T T T ¥
* power drift <0.1% per °C 300 800 1300 1800 2300 2800
« color temperature stable to Wavelength (nm)

15K
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Measured Reflectivity Spectra

Zr02 / Si @ 150°C: Start (Red) vs. End (Blue)

06 » effective A range is = 380-900 nm
— \ * bare Si at room-T gives = 40K cts
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Rvs.t @ 500 nm (un-triggered)

Zr02 ! Si: Median of 500 +/- 5 nm Band

G =0.015 nm/s (n =2.13)
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@ Rvs.t @ 500 nm (un-triggered)
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Rate Rat Fit (lock s = 1, float n & k)

0.4104
r—— !
Reflectivity X
Reflectivity Cycle Counting Reflectivity Calibration Reflectivity Fitting
Recipe
‘ EL2RIE Load Save
—_ ‘ Growth Parameters Fit Processing Parameters
% | n: 2.
r:] Lock n, k I Fit every (data pts): 20
= 0
— Ignore data (s): 0
G (nm/s): 0.001
— Delay fit (s): 0
Min G (nm/s): 0 Fit errors allowed 10
(convergence):
Max G (nm/s): 1 Scale factor for 0.8
RMS noise filter: .
s 1 ] .
o Lock s _ Max Fit Iterations: 8
0.0034
Use G corrected for thickness
. O (nCal¢/nknown)=GCalc Allows zero fit result
Relative Elapsed Time BFit Region
Reflectivity Table
Region
. 10000
2119 +-| 0.001 ovepraems: | 0.015 +-|  0.000 | Laser settngs wdin(s: 10000
Region
s ): 500 increment: 4

(nm): Angle (deg): 0

1.000 +f—| 0.000 ERe . ISuccessful fit Folarization P~ Signal Parameters

[Juse modulation:

Snapshot St

|
I 0.033 +f—| 0.000 Film thickness I 208.5 +J.:_| 0.091 Lambda (nm
|

Global Parameters

[Juse Pause Adjusted Time Scale factor: 1.0000e+00
Restart Fit Trigger Offset: 0
| ACtive:  Low Chan:
[o] Smoothing
G~0.15A/s, n=2.12 Ouwar 1
~/ . "~ ° R - .
) Active:  Low Chan:

() Butterworth: 30

Cancel Apply Help

18 April 2025



Film Optical Properties

€7 CompleteEASE — X
Measurement | Analysis rHardware r Options |
Data: zirconia on Si first Orion run Model: zirconia on Si - Sellmeier bdw (zirconia on Si model)

‘ Open ‘ ‘ Save || Info ‘ ‘ Set Ranges ‘ | Open || Save || Clear ‘ Open Snapshot ‘ ‘ Save Snapshot
Fit: Include Surface Roughness = OM Roughness = 0.0020 um (fit) =
[ generste || it || reomame |[ Reset | |-[2YEr#2=ENA Thickness#2 = 0.0016 um (i) M

# of Consfituents = 2

MSE = 16.229 - Material 1 = Zrox (Sellmeier

Roughness = 0.0020£0.01062 ym Show Dialog

Thickness # 2 = 0.0115+£0.00337 um =e1 Components = a M

Depolarization = 0 471+0 7149 + @2 Components FII' I I Cha raCte rlzed USIng WOO”al I I T

ZrO2 Thickness = 0.2336+0.00176 pm Material 2 = Woid

Einf = 1.040%1 2266 EMA % (Mat 2) = 50.0 | | . o h | | Q d |

UV Pole Amp. = 247 32162167 85734 Depolarization = 0.471 (fit) Analysis Mode = Bruggeman e I pso l I I ete r Wlt Se I I l e I e r I I l O e

UV Pole En. = 8.739+1.3265 -|Layer # 1 = ZrOx (Sellmeier) ZrO2 Thickness = 0.2336 um (fit)

Angle Offset = 0.551+0.0498 Show Dialog d 50 50 E IVIA f | —

- &1 Components an surtace layer.
Einf = 1.040 (fit) -
UV Pole Amp. = 247.3218 (fit) UV Pole En_ = 8.738 (fit)
IR Pole Amp. = 0.000
- e2 Components
Oscillator Menu: Add Delete Delete All Sort ~

e

+ Data =+ Model

Variable Angle Spectroscopic Ellipsometric (VASE) Data

80 I 300
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— 8
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H £ Type here to search =R 69°F Windy
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Film Optical Properties (Room T)

Compare the Sellmeier model dispersion
curve with data from the literature for YSZ.

Wood Y5Z 1982  —custom Selmeier
2.3
2.25
2.2
2.15
=
2.1
2.05
Note that the slight discrepancy is not
surprising given that the sample used by
2 Wood contained Yttria to stabilize it.
1.95
300 400 500 600 700 800 900 1000

wavelength (nm)
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FitTool Results

i) FitTool 1.9.1-187-g394c5e33a - oxide on Si FitTool config Bs desktop.xmil - Location 1 - X

° 1 = o .

ZrOZ t h I Ckn ess Transmission Input: Watch Directory  C:\Users‘bamy"\OneDrive - K-Space Asso Choose... Save Corfig Load Config

2 2 2 nm Reflection Input: end of growth R vs wi 385-850 nm txt [J Automatic Processing © Al Datapoints

E MA h . k Wavelength Range: 385 - 890 nm, step size = 1nm [ Archive files in watch directory load Data (O Single
* thickness = o _—

Spectra  Thickness Scale Factor RMSE  Evaluations Layers 2 = A0l 0 R/T Weight: 2! Reset
38 nm 0: Layer Thicknesses (nm): 222.40, 37.53, 0,98, 1.00 - RMSE: 0.009 FtMode R | Polatizsion |Ave
f | I . 0.35 [ Incoherent Substrate "] Reverse order of film stack

° .

cf. ellipsometer: -

03 j # Llock d Ib ub Dispersion File
234 nmw / 12 nm 0.25 / \\ Pl o | O |700000 Si_disp_Fimetrics_200-2500nm txt
E MA 0.2 / ) 1O |00 LIV I zirconia dispersion Selmeier new b
) 1| / \ 2z | O3 |0 o 50 zirconia EMA new txt
015 0 /
| 1 0.5 15 R model scale factor

. [ \ |

Sca |e fa Ctor (Rdata / 0.1+ \ : [ N 08 (1.2 |Tmodel scale factor I

= 0.05 —\’—/ /
R mo C| e | ) O . 9 8 \/
0 2025-03-20 16:20:46,9596 - Processing Transmission Input: none Reflection Input: end of growth R vs wl 385

 MSE =0.009 385 585 735 -390 nm bt

2025-03-20 16:20:47,165 - 0: subid: d = (222.40, 37.53, 0.98, 1.00)f RMSE =0.009, Time = 162.83 ms,
fterations = 212

H H H — Reflection Data 2025-03-20 16:20:47,172 - Fit: subid -, Total processing time: 0.14 s, # data points: 1, min time: 162.83 me,
d 2 1 2 Ite rat I O n S I n Reflection Model max time: 162.83 ms, avg time: 162.83 ms, stddev: 0.00 ms. numtfreads: 4, parallelprobe: False,
desireddatapoints: 0
1 63 m S 2025-03-20 16:20:47,181 - All: subid -, Total processing time: 0J16 5, # data points: 1, min time: 162.83 ms,
“a Py Delay between datapoints (ms): |0 o max time: 162.83 ms, avg time: 162.83 ms, stddev: 0.00 ms, nufithreads: 4, parallelprobe: False,

desireddatapoints: 0
Edit Application Settings [[J Save resutts to CSV [ Disable Chart

Note that the model used the new custom
Sellmeier dispersion curve
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Conclusions

ZrO, Dispersion:

The value of n deduced during growth @ 150°C from the
Rate Rat fit to the 500 nm reflectivity data is in good
agreement with the value obtained from the Sellmeier
model used to fit the ellipsometer data acquired at room

temperature after the deposition. -m

Ellipsometer 2.13

(roomT)
Thickness comparison:
. Rate Rat 2.12
* Ellipsometer: 234 nm + 12 nm 50/50 EMA ~ 240 nm (150°C)
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equivalent

FitTool: 222 nm + 38 nm 50/50 EMA ~ 241 nm equivalent
Rate Rat: 208 nm. Even though the growth rate is
accurate, the integrated film thickness is off by > 10%.
This indicates that we need a better way to compensate
for the film that was deposited before the growth rate
measurement converged on a stable value.
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