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In-situ brightfield image of cells in ice 
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Ostrowski, Van Bell, Winograd and Ewing, Science, 305, 71 (2004)  
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• Investigating lipid interactions 
• Identifying contents of liquid phases 
• Understanding lipid “raft” formation 

Sostarecz, McQuaw, Zheng, 
 Ewing and Winograd, JACS, 2004, 2007 

And Langmuir, 2005. 

Stottrup, Stevens, Keller,  
Biophys. J. 88 (2005) 269 Sphingomyelin 





Weibel, Wong, Lockyer, Blenkinsopp, Hill and Vickerman, Anal. Chem., 2005. 



Lateral Resolution 
10 µm 

25 µm 



15 keV C60 -> Ag(111) 







Larger volume is altered by Ga 

15 keV Ga 
Yield 21 

15 keV C60 
Yield 324 

More disruption with Ga – look deep! 

Postawa, Smiley, Winograd, Garrison et al., Anal. Chem., 75 4402 (2003). 
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Szakal, Kozole, Russo, Garrison and Winograd, Phys. Rev. Lett., 2006. 



Xu, Szakal, Martin, Peterson, Wucher and Winograd, JACS, 126, 3902 (2004). 
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Cheng and Winograd, Anal. Chem., 2005 
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X. Conlan, N. Lockyer and J. Vickerman, RCMS, 2006 





Cheng and Winograd, Anal. Chem., 2005. 
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J. Cheng and N. Winograd  Analytical Chemistry  ASAP 

AFM crater shape 

Cheng and Winograd, Anal. Chem., 2005. 



Cheng, Wucher and Winograd, J. Phys, Chem. B., 2006. 
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Piehowski, Ewing and Winograd 
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Leiling Zheng, JASMS and Anal Chem, 2008. 









Arachidic Acid (AA) 

Dimyristoyl Phosphatidate (DMPA)   

2 layers DMPA 4.4 nm 

44 AA 118.8 nm 

44 AA 118.8 nm 

43 AA 116.1 nm 



  44  Layers AA 118.8 nm 

  44  Layers AA 118.8 nm 

  43 layers AA 116.1 nm 

First Delta Layer (121.0 nm) Second Delta Layer (244.2 nm) 

RT LN2 RT LN2 

39.3±1.3 nm 25.0±1.1 nm 40.9±1.9 nm 24.8±1.2 nm 

Depth Resolution (FWHM  nm ) 



  44 Layers AA 118.8 nm 

  44 Layers AA 118.8 nm 

  43 Layers AA 116.1 nm 

First Delta Layer (121.0 nm) Second Delta Layer (244.2 nm) 
71o 40o 71o 40o 

20.5±1.0 25.0±1.1 21.7±1.0 24.8±1.2 

Depth Resolution (FWHM  nm) 



   λg  Leading edge growth length – information depth 
of secondary ions 

   λd   Trailing edge decay length – related to ion beam 
mixing 

   σ 

Dowsett’s semi-empirical function 

Standard deviation of a central Gaussian connecting 
the two exponential functions – convolution of all 
factors effecting depth resolution. 



44 AA 118.8 nm 

44 AA 118.8 nm 

43 AA 116.1 nm 

First Delta Layer (121.0 nm) Second Delta Layer (244.2 nm) 
λg λd  σ λg λd  σ 

RT LN2 RT LN2 RT LN2 RT LN2 RT LN2 RT LN2 

ave 3.9±2.0 5.7±0.1 14.5±2.1 10.0±1.2 13.0±0.4 7.4±0.2 6.3±4.5 5.6±0.9 15.4±2.5 10.3±1.3 13.5±1.5 7.1±0.4 



Surface Roughness  

RMS 3.5 nm RMS 4.9 nm 

By Nanopics 2100  scanning area 10 x 10 µm 

Sample I  

20 AA 54.0 nm 
19 AA 51.3 nm 

σ=7.7 nm 





Wedge sculpting 
with C60 allows 
yield and 
topography vs 
fluence to be 
determined at 
each point. 
A wedge angle of 0.05 
allows enormous 
lateral magnification 

Dan Mao and Andreas Wucher 



3 nm 
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SIMS During Wedge 

Si 

Red : m/z 42 from Irganox 3114 

Green : m/z 60 from Si Substrate 



AFM Line Scan – Topography evolution 

(µm) 

Original line substract 36-point Savitzky-Golay 
algorithm smoothed line, yield height fluctuation. 



(µm) 





30 nm 
221 nm 

9.6  µ m 

Ga+ 

A. Wucher, J. Cheng and N. Winograd, Anal. Chem., 2008 
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Wucher, J. Cheng and N. Winograd,  
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