LITHIUM-DRIFTED DETECTORS
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began soon after the invention of the tramsistor in 1948,
One of the earliest applicatiouns was that of lHeKay (1,2),
who in 1949 used a p-n junction in germanium for the
deteotion of alpha partioles., By 1959, an extensive
investigation was being made into the formation of junctions
in silicon, Two types of junotion detectors were produced,
the surface barrier (3) and the diffused junction (%),
Helther of these types, however, had = sufficiently
thick sensitive iayer for the detection of gamma rays of
more than several hundred keV¥, It was not until the
development by Pell (5) of the ion-drift technique that
detectors with sensitive regions of up to 4 mm, were
developed (678): An improvement of this drift process by
Miller et al., (9) has enabled sensitive regions of up to
1 om,, which gives sufficient stopping povier to detect
gamme rays of up to 6 HeV,, to be produced: It 18 with
the fabrication and properties of this last type of detector

that this thesis is ooncerned;
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CHAPTER III
DETECTOR FABRICATION

3.1 Preparation of the Silicon

The specifications of the silicon used in the
fabrication of these detectors were as followss
a) p-type, with boron as impurity, b) resistivity 270
ohm-cm., 6) Cylindrical bar 2 cm, in diameter, d) Single
crystal, a <111> direction parallel to the“oyllpder axis,
e) ocarrier lifetime of 100 microseconds, A diamond saw
was used to cut a one cm; deep slice from one of these
bars. The saw was a Felker di-met model 80-BQ ocutoff
machine fitted with a bonded dismond wheel blade, The
diamonds were 150 mioron diameter and the total width of
cut was ,03 in, The rate of descent of the blade was
governed by hydraulic pressure,

The slice was polished using silicon carbide of
220, 320, 400 and 600 grit to remove damage caused by the
saw cut, After a lapping with 25 micron aluminum oxide,
‘the silicon slice was washed thoroughly in a detergent,
rinsed in demineralized water and allowed to dry, After
this, care was taken to avoid anyAcontamination of the
slioce,
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again measured and found to be much improved, (After this
discovery was made, the initial etch was eliminated fron
the procedure and the nickel taken off the edge during the
grindlpg.) The diode characteristic was measured and the
result, shown in Figure 4, indicates that a good rectifying
Junction has been formed and that the drift process may now
be commenced,
4.2 The Ion=-Drift

The apparatus used during the ion-drift process
is shown in Pigure 5., The phosphor-bronze spring performs
+the dudl function of providing electrical contact to the
diode and holding it in place, The fluorocarbon liquia, in
this case FCU43, also performs several functions., First, it
is used as a contact medium for the preliminary heating of
the diode to a temperature at which an appreciable drift
power may be applied to it, Second, it serves as a vapour
phase coblant to maintain the diode at a constant temperature
at which the drift voltage does not result in diode breake-
down, (Although the lithium ion mobility increases
exponentially with temperature, the drift rate is essentially
independent of temperature because there is a similar increase
in the leakage current). Finally it keeps the junction
edges clean, thus minimizing this leakage current,

The drift power was obtaiied from a eonstant
wattage power : supply patterned on one developed by [{iller

et al, (9). A constant power output is necessary to preyent
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true for a conduocting boundary.
(b) Measur Sheet Resist
‘ The four-point probe was spplied by Smits
(18) to the problem of measuring the sheet resistivities of
diffused surface layers; which nay be considered to be two-
dinenslonal, He shows that a dipole currsat source on an

infinite sheet glves rise to the logarithmic poteantial
o= 1oz fnry (4.7)
27 ro
where I is the current, f% the sheet resistivity auad ry
and r, the distances from the point of measurement to
the two sources comprising the dlpole;
In th;s case, the dipole is made up of probes 1

and 4, so that, if we havs equal probe separation; the

potentials at probes 2 and 3 are giveu by LA..Jn 23
277 B
= I @G- dn 2, but are of opposite sign, so that the
2T

potential measured is

v=2agd =1ps Inz2 (4.8)

7
from which it follows that the sheet surface resistivity

may be computed as

Ps = u.53.\if. (5.9)

If V is 1n volts and I in amp., theu Py 1is given in ohms;
although sometimes ohms/square is used to indicate that it
is a two-dimensional property.

If the probes are near the edge of the sample,.
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