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DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.
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FOREWARD

This is one of a series of papers presented at the Géflinburg Conference on
" Semi-ConductoriDetectors and Associated Circuits (May9 1967), Taken together, .
the papers represent a general summary of some of the recent advances in this’

"area at LRL, Berkeley,
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HIGH VOLTAGE OPERATION OF LITHIUM-~DRIFTED SILYCON DETECTORS USING A SHELF STRUCTURE*

By: F. Se Gouldingvand R, P. Lothrop

[Py S LI SEL R

As shown by Llacer (1 )g the turnup in leakage current and noise with increasing

voltage in lithium-drifted detectors can usually be attributed to breakdown effects

at the junction of the'n;type surface channel and the bulk p-type material (see

"Fig. 1). In his second paper Llacer points out that the breskdown voltage depends

on the type of structure used as well as the precise surface conditions. Structures

in which the bulk electric field tends to deplete the surface channel can be expected -

to give better high voltage performance,

Measurements on surface channels made in our laboratory confirmed the major

peints of Llacer's model and suggested the possiﬁility of using the shelf structube,”v;h:j

shown in Fig. 2 to increase the breakdown voltage of lithiumedrifted silicon detectors |

and to make surface treatment less critical. The basic process is similar to that

(3,4)

described earlier except for the seccond step shown in Fig. 2, After the lithium.
diffusion over the compléte front face of the wafer, a short dvift is carried out to

produce a 1/2mm drifted region {N.B. 1/2mm may not be the optimum depth but is quoted

detectors is now etched, removing all }ithium-diffused material in the shelf region
but not removing the intrinsic shelf region itself. Dfifting is theﬁ continued
through the whole wafer as in our earlier process. | |

The effect of the shelf Ais shown in Flga 3.  Due to'the kigh electric fiéld‘
existing across the shelf region (as much as 50 ,000 V/cm3 the surface channel is
pinched'off and no voltage appears at the junction betwean'th& surface channel and.”
pmregioh at X, ~$urface_potentiél measuraments on a typical detector prodqce(the.

results shown in Fig, 3b. Fig, 4 shows the leakage cuvrrent-voltage characteristic

- of one of these detectors, While the leakage current of this pdﬁtlcular detector

is somewhat high, there is no sign of turnwup in leakage current up te 3KV applied

i

 here for the purpose of illustration). The mesa structupe normally used in our planar

voltage. This compares . wvth about 500V in similar units not having the shelf structureQ

This work was carried out as part of the program of the Nuclear Chemistry Instrumentation

Group of the Lawrence Radiation Laboratary sunnorted by AEC Centract No, W=7405-eng=H8.
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We also note that nbne‘of the low frequency ﬁoiSé which is,gﬁaracteristic of surface

breakdown is observed in this'gnito | |
Several shelf»struéture units ddvshow leakage~current turh-up and breakdown

noise in the 2 to 5KV applied.voltage range. We have no explanation for this

behaviour at the present time,
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| Figures
1) Illustrating Source of Voltage Breakdown

2) Showing Construction of Shelf Structure-
3a) Structure Geometry
3b) Surface Potential Distribution

4) Typical Leakage Current-Voltage Curve
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This report was prepared as an account of Government
sponsored work. Neither the United States, nor the Com:

mission, nor any person acting on behalf of the Commission:

- A.

Makes any warranty or representation, expressed or
implied, with respect to the accuracy, completeness,
or usefulness of the information contained in this
report, or that the use of any information, appa-
ratus, method, or process disclosed in this report
may not infringe privately owned rights; or

Assumes any liabilities with respect to the use of,
or for damages resulting from the use of any infor-
mation, apparatus, method, or process disclosed in
this report.

As used in the above, "person acting on behalf of the
Commission"” includes any employee or contractor of the Com-
mission, or employee of such contractor, to the extent that
such employee or contractor of the Commission, or employee
of such contractor prepares, disseminates, or provides access
to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.






