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 NCNR uses neutron 
reflectivity to study 
membranes and proteins. 
o HIV 
o Alzheimer's  

 Biofilms are assembled 
on gold thin films.  

Magnetic layers are used 
under the gold to 
increase accuracy.  

Thin film sample used to study 
lipid membranes and proteins in 

using neutron reflectivity.  
Stephen A. Holt et al  
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Gold is used because lipids can form a chemical link with it to form a tethered lipid bilayer.



 Permalloy: 81% Nickel 19% Iron, 
Magnetic alloy 
 

 Neutrons have two spin states (up & 
down) that interact differently with 
magnetized layers resulting in 
different scattering length densities 
(SLD).  
 

 The permalloy layer will provide two 
distinct reflectivity curves when 
scanned with spin up vs. spin down 
neutrons.  
 

 The two resulting data sets can be 
fitted simultaneously, reducing fit 
uncertainties.  

Sample neutron 
reflectivity data 

(left). SLD profile 
based on fitted 
data (below). 

Stephen A. Holt et al  
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One of the things that makes neutrons so useful is that they can create magnetism vs. depth profiles of thin films because they are sensitive to magnetic orientation. This is because neutrons have two spin states, spin up and spin down, and these two states will bahave differently when they experience a magnetic field. FIGURE 1 As you can see, this difference creates two distinct relectomertry curves if your sample has a magnetic layer. Since only one variable, the SLD of the magnetic layer, is different between the two curves you can set all other variables to be equal and fit both curves simultaneously. This is very helpful because fitting reflectivity data is only a best guess based on the available data. If your fit works well for both curves chances are that it is reliable. Explain FIGURE 2




Because of the large difference of the neutron scattering
length density (nSLD) values for the iron–nickel layer
probed by the two spin states, the two NR spectra are different
with the reflectivity for the spin ‘up’ state about an order of
magnitude larger than that for the ‘down’ state. The derived
nSLD profiles (Fig. 2b) provide excellent fits to the data and are
the result of the simultaneous refinement of data from five
different samples (three hydrogenous and two deuterated bME)
each with two spin states. Data were collected on one of the
hydrogenous bMEsamples with two different H2O/D2O contrast
conditions, resulting in a total, using both spin states, of twelve
different datasets. The data were fitted with the bME thickness
constrained but with sub-layer (gold etc.) properties and bME
surface coverage allowed to vary between different samples. A
bME thickness of 8.2  0.6 A ° with a nSLD of 3.07  0.15  106
A °
2 was obtained for the sample shown in Fig. 2, corresponding
to a bME surface coverage of 57%. Table 1 lists the volume
fraction (Vf) of the bME in the layer calculated for various
hydrogenous samples against a D2O buffer.



 Surface roughness in a lower layer will influence the surface roughness 
of all layers deposited onto it.  

 If permalloy surface roughness is too large it will obscure the layer being 
studied.  

Charles F. Majkrzak et al 
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Presentation Notes
Explain effect of roughness. Oscillations are dampened and data gets lost in background noise much sooner.  

So that is the motivation my project, to find a way to minimize roughness in the permalloy film so it can be a useful tool for scientist in the NCNR. 



 Wafer is cleaned and 
placed in the chamber. 

 Chamber is pumped 
down to ~10-6 Torr. 

 Argon is pumped in and 
platform begins to rotate.  

 Voltage difference ignites 
argon gas into plasma . 

 Argon cations collide with 
target causing atoms to 
be ejected. 

 Atoms deposit onto the 
wafer. 
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Presentation Notes
The permalloy layer is deposited through a process called sputtering so I will give an overview of the sputtering process. 

1. It is very important that the wafer and sputtering environment is free of contaminants that could get imbedded in 



 Wafer preparation 
 Sputter 1 vs. Sputter 2 
 Wafer temperature 
 Power 
 RF vs. DC 
 Vacuum pressure 
 Argon flow rate 

 
Current formula: NiFe(81/19) target, Sputter 2, room  
        temperature, 90watts, DC sputtering 
Current RMS Roughness> 20Å   

Presenter
Presentation Notes
Wafer prep – etch, acid, or just wash. Removes contaminations and the SiOx layer

Wafer temp – temperature affects the grain size of the deposited material

Applied Voltage – affects plasma formation and deposition rate
 
RF or DC –

Vacuum Pressure – affects amount of containments in the chamber

Argon Flow Rate – a balance between the number of argon ions and neutral argon must be formed.




 Michelini, F. et al 
o Substrate: MgO(001) single crystals  
o Target: Ni(79%)Fe(18%)Cu(1%)Mo 
o Roughness increases with temperature.  
 

 Paul, A. et al 
o Substrate: high speed steel 
o Target: Cr3C2  
o RF sputtering produces lower roughness 

than DC sputtering. 
 
 
 

 
 

 
 
 
 
 

 Chan et al 
o Substrate: p-type Si  
o Target: Cu  
o Roughness increases with sputtering 

power. 

 



1. Preparation Method 
o Micro-90, Acid, Alcohol wash 
o Micro-90, Alcohol wash, Argon Etch 
o Micro-90, Alcohol wash 

 
2. DC Power 

o 90w, 60w, 35w, and 10w (sputter 1, DC) 
 

3. Sputter 1 vs. Sputter 2 
o 90w, 60w, 35w, and 10w (sputter 2, DC) 

 
4. Substrate Temperature 

o Room Temperature, 100˚C, 200˚C, and 300˚C 
 

5. RF vs. DC Power 
o 100w, 200w, and 300w (sputter 2, RF) 

 



Substrate 

Film θ          θ 

 Thickness is inversely proportional to width of 
oscillations. 

 Roughness is determined by dampening of 
oscillations. 

 Scattering length densities and absorption can also 
be determined.   

 



Preparation methods  
 Sample A: micro-90, 

ethanol rinse, methanol 
rinse 

 Sample B: acid wash, 
ethanol rinse, methanol 
rinse 

 Sample C: micro-90, 
ethanol rinse, methanol 
rinse, argon etch for 134s 
at 50 watt 

Conclusion 
 Cleaning method has no 

great effect on roughness. 
 Surface RMS roughness 

values: 
o A- 8.885 ±0.024 Å 
o B- 8.572 ±0.027 Å 
o C- 8.83 ±0.018 Å 
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Presentation Notes
Check prep methods w/ Frank
Values for roughness?



Reflectivity curves and  
SLD profile of samples A, B, 
and C. 



Power (Watts) RMS Roughnes (Å) 

8.3 33 

37.2 28 

92 8.885  

 Roughness clearly decreases as power 
increases. 

 Trend is opposite to literature findings.  
 Roughness at 90W (8.885 Å) is better 

then previous values (>20 Å). 

The above graph shows the effect of power on roughness for Permalloy samples deposited using DC 
sputtering  at room temperature on sputter 1. The data is shown in the chart below.  
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Power S1  
(watts) 

Roughness S1  
(Å) 

Power S2  
(watts) 

Roughness S2  
(Å) 

8.3 33 12 50 

37.2 28 35 39 

92 8.885  87 43 

0

10

20

30

40

50

60

0 10 20 30 40 50 60 70 80 90 100

Ro
ug

hn
es

s 
(Å

) 

Power (watts) 

Effect of Power (Sputter 1 & 2) 

Sputter 1

Sputter 2

The above graph compares roughness values at various powers for Sputter 1 and Sputter 2. Samples are all Permalloy 
thin films deposited using DC sputtering  at room temperature. The data is shown in the chart below.  

 Roughness is consistently 
higher for samples 
deposited using sputter 2.  

 Sputter 2 supported 
plasma ignition at lower 
pressures.  



 Scattering length density decreases at low powers. 
 
 
 
 
 
 
 
 
 

 Sputtering rate depends on power. 
 Low sputtering rates may have caused island formation or 

other defects. 
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Conclusions 
 Preparation method does not have a significant effect. 
 Higher powers provide lower RMS roughness values. 
 Sputter 1 works better than Sputter 2. 
 
Areas that need further study: 
 Power values higher than 90 Watts 
 Difference between sputter 1 and sputter 2 

o Effect of gas flow 
 Effect of substrate temperature 
 RF sputtering vs. DC sputtering 

o Sputtering rate for RF is extremely slow 
 AFM scans 

o Current probe tip does not work with samples 
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Sputter 1 (NIST NanoFab) X-Ray Diffractometer (NIST NCNR)  
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