
Ion-Scattering Analyzer 

S TAXFORD RESEARCH has a new instru- INSTITCTE 
ment capable of identifying and measuring nii- 

iiute quantities of the elements present in the surface 
of a material-the ion-scattering analyzer. This "pro- 
ton bombarder" consists of a two-million volt genera- 
tor, a twenty-foot vacuum tube, and two large electro- 
magnets. I t  weighs about five tons, yet it  can detect 
a s  little as 1-l2 gram. The device bounces protons off 
the atoms conlposing the surface of a sample into a 
spectrometer that sorts them according to their re-
bound velocities (just as  a n  optical spectrometer sorts 
light wares according to their wavelengths) and feeds 
them into a counting device. Since the velocity of the 
protons depends upon the weights of the atoms that 
deflect them, the various velocities coming from a bom- 
barded surface indicate which elements are present. 
The relative nuinbers of protons reveal the propor- 
tional composition of the surface. 

A van de Graaf type generator delivers the high 
voltage needed in the apparatus, and a vacuum tube 
runs donrii its center to a large electromagnet. The high 
voltages produced are  insulakd, by nitrogen under 
pressure, froin the heavy steel tank that contains the 
generator, and a n  endless belt carries charges u p  to be 
accumulated on a high-voltage electrode a t  the top. 
Hydrogen gas, leaking slowly from a small tank inside 
the electrode, is ionized in an arc discharge. The re- 
sultant ions are accelerated downward through the 
vacuurn tube by the successive voltages of a series of 
hollow electrodes spaced along the interior of the tube. 
Emerging from the accelerator, the stream of ions is 
focused into a beam which contains protons, as well 
as the multiple hydrogen ions produced in the hy- 
drogen ionization. The ions are separated from the 
protons, and the proton beam enters the target cham- 
ber, striking the small target area on the surface of 
the sample, where most of the protons are absorbed. 
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Some of them coine close enough to atomic nuclei to  
be bounced out again, losing energy to the atoms hit 
in  inverse proportion to the; atomic weights. 

The protons that  are  allowed to pass through the 
spectrometer to the counting device are  those with a 
definite, limited range of velocity. F o r  maximum reso- 
lution of the various elements, the target area is nar-
rowed d o ~ ~ i i  by regulating the entrance slits that shape 
the beam to a very small spot. The exit slit of the 
spectrometer is about the same size. Behind it is a thin 
layer of phosphorescent material on the end of a pho-
tomultiplier tube. Target chamber and tube are  so 
arranged that a sharp "image" of the target area is 
focused on the phosphor, which emits light pulses 
when struck by protons. I n  contrast to  a n  optical 
spectrometer, which scans over a focal plane, the 
magnetic spectrometer covers that par t  of the proton 
velocity range desired by varying the magnetic field 
in a series of "runs" to permit protons of different 
velocities to reach the counting circuit. 

The number of protoiis that hit the target is kept 
the same for  each of a series of runs by a current inte- 
grating circuit, and in each run  a different fraction 
of the total is counted by the photomultiplier tube. 
Plotting the particular ratio setting used against the 
number of protoiis counted f o r  each run  gives a curve 
that looks like a series of steps, each of which corre- 
sponds to a different atomic mass in  the sample, and 
the height of the step is proportional to the concen- 
tration. 

The ion-scattering analyzer will be used initially to 
study surface modification of ferrous alloys, crystal 
boundary contamination of some nonferrous metals, 
and intermetallic diffusion, fo r  the Ordnance Depart- 
ment of the Army. Stanford Research Institute also 
expects that many industrial applications will be 
found. 
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