Ning Cao, Staff Engineer, Nano-fabrication Lab, UCSB

Tantalum and Chromium E-beam Deposition and Wet Etch Testing
Experimental:
1) Sample: Thermal SiO2 on one-side polished Si

Elliposometer:
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Measurement | Insitu | Analysis rHardware rOplicms |

Data: Thermal grown-SiO2-on-Si-for Taand Cr .

Model: Thermally grown SiO2 on Si for Ta and Cr dep (Snapshot)

Thickness # 1 = 301.2720.086 nm
A=1.447+0.00021759

B = 0.00589+4.3113E-05
C=-0.00012025+4 2281E-06

Angle Offset = -0 00965+0.007799

n of Cauchy Film @ 632.6 nm = 1.46087
n of Cauchy Film @ 865.0 nm = 1.45457

k Amplitude = 0.0000 Exponent = 1.500
Band Edge = 400.0 nm

Substrate = SI_JAW

Angle Offset = -0.00965 (fit)

+ MODEL Options

+ FIT Options

+ OTHER Options

Configure Options
Turn Off All Fit Parameters

‘ Dpen || Save || Info. || Set Ranges | | Open ‘ | Save | ‘ Clear | Open Snapshot || Save Snapshot ‘
Fit Layer Commands: Add Delete Save
| Generate | ‘ Fit | | Fit Dynamic | | Reset | Include Surface Roughness = OFF
HLayer # 1 = Cauchy Film Thickness # 1 = 301.27 nm (fit)
MSE = 8.497 A =1.447 (fif) B = 0.00589 (fit) C = -0.00012025 (fit)
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2) Tantalum deposition using E-beam#1 (Density=16.6 g/cm3; z-Ratio=0.262; Tooling Factor=140; target thickness=30 nm, Rate: 0.5~1.0 A/s)

| & completeEase a @ B
Ilf Measurement r In situ rAnaIysis rHardware r Options ‘
Data: Ta-30nm-Si02-Si-6-14-2016 (Snapshot) Model: Ta-30nm-Si02-Si-6-14-2016 (Snapshot)
| Open ‘ | Save | ‘ Info. ‘ | Set Ranges ‘ | Open || Save || Clear | Open Snapshot || Save Snapshot |
Fit: Layer Commands: Add Delete Save =~
| Generate | | Fit | | Fit Dynamic ‘ | Reset ‘ Include Surface Roughness = OFF
ILayer #2 =B-Spline Thickness # 2 = 35.24 nm (fit)
MSE = 4.726 Init. values: n=1.500 k=000 Starting Mat=Ta
Thickness # 2 = 35.24£0.035 nm Resolution (eV) = 0.300 20 Pts. (0.734-6.489 eV) Draw Node Graph
E Inf = 1.18420.0400 E Inf = 1.184 (fit) =
IR Amp = 2.269+0.0333 IR Amp = 2.2689 (fit) IR Br = 0.000
spline_e2(0.534) = 23.0277+0.13034 Fit Opt. Const. = ON
spline_e2(6.989) = 2.1932+0.41432 Use KK Mode = ON (In Use)
spline_e2(7.489) = 11.4119+0.59090 Query remote system for Opt. Const = OFF
n of B-Spline @ 632.8 nm = 3.11579 Show Advanced Options = OFF 1
k of B-Spline @ 632.8 nm = 1.92220 +[Cayer # 1 = Cauchy Film Thickness # 1 = 301 27 nm
Substrate = SI_JAW
Angle Offset = -0 00965 —
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Actual Ta thickness=35.24 nm.
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3) Chromium deposition using E-beam#1 (Density=7.2 g/cm3; z-Ratio=0.305; Tooling Factor=140; target thickness=30 nm, Rate: ~2.0 A/s)

| & completeease
Ilf Measurement r In situ rAna\ysis r Hardware r Options |
Data: Cr-30nm-Ta-Si02-5i-6-14-2016 (Snapshot)  Model: Cr-30nm-Ta-5i02-Si-6-14-2016 (Snapshot)

ol |

| Open H Save || Info || Set Ranges | ‘ Open || Save || Clear | Open Snapshot || Save Snapshot |
Fit: Layer Commands: Add Delete Save sl
| Generate || Fit || Fit Dynamic || Reset ‘ Include Surface Roughness = OFF

ILayer # 3 = B-Spline Thickness # 3 = 34.85 nm (fit)

MSE = 2.310 Init. values: n=1.500 k=0.00 Starting Mat = Cr (Lorentz)

Thickness # 3 = 34 85+0.149 nm Resolution (eV) = 0.300 20 Pts. (0.734-6.489 eV) Draw Node Graph

n of B-Spline @ 632.6 nm = 3.33483 Fit Opt. Const. = QN =

k of B-Spline @ 632.8 nm = 3.14481 Use KK Mode = OFF

Query remote system for Opt. Const. = OFF
Show Advanced Options = OFF
Layer # 2 = B-Spline Thickness # 2 = 35.24 nm
Layer # 1 = Cauchy Film Thickness # 1 = 301.27 nm
Substrate = SI_JAW
Angle Offset = -0.00965
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Actual Cr thickness=34.85 nm.
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4) Wet Etch of Cr over Ta

Pouring Cr Etchant in glass cup, heat it on a hot plate, set at 55°C, with a glass cover for 1 hour. Etching a sample piece, cut from the whole
sample, for 5 minutes. The result: the Cr layer was gone without etching underneath Ta layer.
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Ilf Measurement r In situ rAnaIysis rHardware r Options ‘

Data: After Cr etch for 5 min-at 55C (Snapshot) Model: After Cr etch for 5 minutes at 55C (Snapshot)

| Open ‘ | Save | ‘ Info. ‘ | Set Ranges ‘ | Open || Save || Clear | Open Snapshot || Save Snapshot |
Fir Layer Commands: Delete Save
| Generate || Fit | | Fit Dynamic | Reset ‘ Include Surface Roughness = OFF
+|Layer # 3 = B-Spline Thickness # 3 = -0.07 nm (fit)
MSE = 8.639 +|Layer # 2 = B-Spline Thickness # 2 = 35.24 nm
Thickness # 3 = -0.07£0.069 nm +|Layer # 1 = Cauchy Film Thickness # 1 = 301 27 nm
n of B-Spline @ 632.8 nm = 1598406 Substrate = S| JAW
k of B-Spline @ 632.8 nm = 17.90084 Angle Offset = -0.00965
+ MODEL Options
+ FIT Options
+ OTHER Options
Configure Options
Turn Off All Fit Parameters
e e S e
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Note: Cr etch rate of this etchant is 40 A/s at 40°C.



