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In a three dimensional atom probe, the identity and spatial coordinates of the atoms field evaporated 
from the specimen are determined.' Their identity is calculated from the flight time from the 
specimen to the single atom detector. The x and y coordinates of the atom in the specimen are 
determined from the coordinates of its impact position on the position-sensitive detector and the z 
coordinate is determined from its position in the evaporation sequence. These data may then be 
reconstructed to visualize and quantify the distribution of all the elements in the specimen. Several 
types of position-sensitive detectors have been used including a wedge-and-strip detector (position- 
sensitive atom probe), a 10 by 10 array of anodes (tomographic atom probe), and a gateable CCD 
camera (optical atom probe).' The wedge-and strip and the CCD camera detectors both suffer from 
the limitation that if more than one atom strikes the detector on a field evaporation pulse then the 
impact positions cannot be determined in many cases. In order to minimize this limitation, Cerezo et 
al. have developed a dual detector system (optical position-sensitive atom probe) that uses both an 8 
by 10 multianode array and an intensified CCD camera.2 This dual detector configuration requires a 
beam splitter which reduces the signal intensity reaching the detectors and two independent detection 
systems both with image intensifiers. In this paper, an improved version of this detection system that 
combines these two systems into one is presented. 

A schematic diagram of the instrument with the transparent anode array (TAA) detector is shown in 
Fig. 1. Unlike the 8 transparent-anode detector used in the optical tomographic atom probe; the TAA 
is external to the vacuum system. Therefore, it may be used on either linear or energy-compensated 
instruments and may be used to replace existing detectors. During analysis, the specimen points 
towards a primary detector consisting of a pair of microchannel plates and a phosphor screen 
mounted in a conflat flange. The primary detector also provides the ultrahigh vacuum seal. The 
external TAA consists of a photocathode, a microchannel plate and an integrated phosphor screen and 
multianode array enclosed in a vacuum envelope, as shown in Fig. 1. The photocathode of the TAA 
is optically coupled to the primary detector with a large aperture lens. The photocathode is only active 
during a valid time window so as to reduce the background noise. A CCD camera is similarly 
optically coupled to the phosphor screen. Improved sensitivity and integration should be achieved if 
both lenses were replaced with fiber-optic tapers with matching changes on the viewports and CCD 
camera. In the prototype, the phosphor is deposited on top of a 16 by 2 array of transparent 
electrically-conducting anodes, as shown in Fig. 2. The 512 by 512 pixel sensor in the CCD camera 
provides superior spatial resolution for determining the impact position compared to the anodes as 
each anode maps to 8192 pixels. Each anode on the TAA is connected via a preamplifier to the stop 
input of a 32 channel time-to-digital convertor (TDC). The start signal for the TDC is obtained from 
a pickoff of the field evaporation pulse. Each ion is identified from the time-of-flight information 
from the primary detector. This flight time is then correlated with the time-of-flight information from 
the multianode array and identifies which anode was struck. Finally, the location of this anode in the 
array is related to the higher resolution position determined from the CCD camera. The differences 
in these times provides the flight time from the specimen to the detector and hence the mass-to-charge 
ratio and the identity of the ion.4 
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FIG 1. Schematic diagram of a three-dimensional atom probe incorporating the transparent anode 
array ( T U )  detector. The primary detector is in the main vacuum system of the atom probe and 
all other components are external to the vaccum. 
FIG. 2. Top and side view of the anode array and the baseplate of the transparent anode array.. 
The phosphor is deposited on top of a 16 by 2 array of electrically conducting'anodes. 
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