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LBL-25207
COMPUTER CONTROLLED DRIFTING OF SI(LI) DETECTORS

D.A. Landis, Y.K. Wong, J.T. Walton and F.S. Goulding
Lawrence Berkeley Laboratory
1 Cyclotron Road
Berkeley, CA 94720 U.S.A.

ABSTRACT ... Provide a visual display of theé drift para-
meters.

A relatively inexpensive computer-controlled sys- ... Calculate the expected compensation depth.
tem for performing the drift process used in fabricat- ... Plot the detector leakage current as a func-
ing Si(Li) detectors is described. The system employs. tion of time.

a small computer to monitor the leakage current, ap- ... Terminate the drift in a controlled manner.

plied voltage and temperature on eight individual
drift stations. The associated computer program ini-
tializes the drift process, monitors the drift prog-
ress and then terminates the drift when an operator
set drift time has elapsed. The improved control of
the drift with this system has been well demonstrated
over the past three years in the fabrication of a va-
riety of Si(Li) detectors. A few representative sys-
tem responses to detector behavior during the drift
process are described.

INTRODUCTION

Silicon radiation detectors made by the lithium-ion
compensation process have long been employed in parti-
cle and photon detection. The fabrication of these
silicon 1lithium drifted, Si(Li), detectors involves
the compensation of boron impurities (acceptors) in
the silicon crystal lattice with lithium ions (donors)
to produie a large volume practically free of charge
centers. This compensation process is accomplished
by applying a bias voltage and heat to an n*p junc-
tion which has been initially formed by diffusing
lithium into a p-type substrate. Under a reverse bias
of several hundred volts and a temperature above
100° C the Tlithium ions drift with time into the p-
bulk material compensating the nascent acceptors. The
lithium-drift process is the only satisfactory way at
present of fabricating thick silicon radiation detec-
tors, and such detectors up to 1 cm thick and up to
10 cm in diameter have been fabricated by this method.

DRIFT
STATIONS

DRIFT
STATIONS

This silicon detector fabrication process requires
control of the applied voltage and temperature, and
monitoring of the leakage current. Since the total
drift time can be hours to weeks depending on the
thickness of the detector and the quality of the sili-
con crystal, manual control of the process can consume
a considerable amount of effort. These problems have
become very serious as we have started to make very
large diameter detectors. Availability of low cost
desktop computers, analog to digital (ADC) and digital
to analog (DAC) converters makes it possible to build
an inexpensive system to automatically control the
drift process. An additional advantage of a good

) automatic control and monitoring system is the ability
to document and reproduce conditions during drift.
These considerations led to the design of the control-
ler described here.

COMPUTER

HV POWER
SUPPLY

PLOTTER

The requirements for the automatic drift system
are as follows:

... Initialize the drift sequence in a prescribed
manner.
Monitor the bias voltage, temperature and
current during the drift process.

... Adjust either the voltage or temperature or
both to prevent catastrophic failure of the Fig. 1 The eight station drift system with a Si(Li)
detector during the drift. detector in place in one of the stations.

CBB 881-71A



cover SYSTEM DESIGN

DRIFT STATION HIGH VOLTRGE
The automatic lithium-drift system consists of
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are dual 8-bit units. Eight bits provides for 4 volts
per step for the high voltage and for O. 5° C per step
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Fig. 3 A schematic of the drift station and associated temperature control circuit.
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shunt switched by the computer allows for 1 mA (4 uA
per step) and 10 mA (40 uA per step) ranges.

Figure 3 is the schematic of a drift station show-
ing how the voltage, temperature and current are meas-
ured, and how the temperature is controlled. The tem-
perature of the heater plate is sensed by measuring
the forward voltage drop of two series connected
diodes attached to it. This diode voltage feeds the
input of an operational amplifier (OP1). The zero and
calibration adjustments are set to make 0 to +5 volts
output correspond to 25 to 150° C. This output from
OP1 feeds the temperature ADC and a second operational
amplifier (OP2) which compares the sensing diodes'
voltage with the demand voltage from the temperature
DAC. The difference between these two voltages is
then used to control the zero-cross Triac driver
through a photo-isolator. The photo-isolator is re-
quired because the heater operates from 120 VAC power.
A small current derived from a three second period saw’
tooth generator (common to all eight control circuits)
is mixed at the input of the OP2 in order to provide
proportional control and thereby to prevent the tem
perature from overshooting the control value. A micro-
switch turns off the high voltage when the cover is
removed and neon lamps indicate when the heater is on
and when the HV is on (over 150 V).

These circuits ma1nta1n the temperature at the de-
mand value within < 1° C. This close control of tem-
perature is essential to produce a predictable drift;
however, we note that our control is of the heater
plate temperature and the actual detector temperature
can be somewhat higher.

Any desktop computer could be used with this sys-
tem but at present a Commodore 64 equipped with a Com-
modore 1520 printer, a Commodore 1541 disk drive and a
monitor is employed. The printer is used to provide a
permanent record of the drift conditions. The disk
drive contains the computer program and it records
drift conditions for further analysis. The monitor
gives an up to date summary of the temperature, volt-
age and leakage current for each detector along with a
calculated value of the present compensated depth and
other parameters to indicate the status of the drift.
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é : -«ays,___“\- o
il INITIAL - ]
RAMP UP
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Fig. 4 The leakage current versus time for a "well
behaved" detector during the drift process.
The initial ramp-up proceeds smoothly to the
set drift conditions of 110° C, 1000 V. The
leakage current after the detector reaches the
set drift conditions gradually decreases with
time. There is a scale change in the time
after the first day from three minutes between
readings to six m1nutes between ‘readings.

PROGRAM DESIGN

The computer program developed for this system has
five parts:

1) Initialization of drift conditions and varia-
bles. .

2) Ramp-up of the drift conditions.

3) Control of the drift parameters during the ex-
tended lithium ion compensation process.

4) Ramp-down of the drift.

5) The generation of the display, printer and

. disk drive output including calculation of the
current drift depth during the process.

1) An initializing menu is presented to the operator
with questions and default values for setting all
the drift and readout conditions. The default
values can also be changed.

2) Careful control of the ramp-up of the drift cond1—
tions is required to prevent damage to the n* p
Junct1on. A representative ramp-up sequence is
shown in Fig. 4. Here the temperature is in-
creased in 10° C steps until 110° C is reached;

“then the voitage is increased in 100 V steps until
1000 V is reached. After each step the current is
monitored and when the current has passed its peak
value a further delay of typically one hour occurs
before the next step.

3) Upon reaching the target drift conditions, which
are operator selected when initializing the pro-
gram, the computer monitors the leakage current
for any excursion above the preset current limit
(typically 6 mA). If an excursion is detected,
the voltage is reduced to 70% of its value and the
temperature demand is reduced by 5° C to bring the
leakage current below the preset level. If the
current still exceeds the limit, the voltage is
again reduced by 70% (this process is repeated as
required). After about 10 minutes the detector
temperature is down to the demand temperature; the
computer then attempts to restore full voltage.

If the current limit is exceeded again the demand
temperature is reduced by another 5 C. This pro-
cess is repeated if required until the temperature
js at 80° C. Here the temperature is too low for
significant drifting so the display-is flagged to
indicate that the detector requires operator
attention.

4) When the calculation of the drift depth described
in 5) below predicts that the detector is fully
drifted or the drift time reaches a preset value,
the program slowly ramps down the drift conditions,
automat1ca11y performing a clean up dr1ft.3 This
ramp-down is also shown in Fig. 4. :

5) The program also calculates continuously the cur-
- rent thickness of the compensated region based on
the accepted value for lithium ion mobility in
"good" silicon. It is known that silicon contain-

. ing traces of oxygen or other defects will exhibit
slower drift rates and agreement between our cal-
culated and final measured drift depths provides
an index of the quality of the silicon, particu-
larly in large area devices where surface effects
"~ can be neglected.

. The 1ithium ion mobility is given1 by:

3
26.6 -7.5 x 10 2
"= exp cm /V.sec (1)
T, T = '




where T is the absolute temperature. - " two adjustments to the drift conditions (labeled A and
’ 8) in order to allow the preset drift time or drift

- Following an initial short drift period (where " thickness to be achieved by the detector.
diffusion also occurs) the drift process can be . .
represented by the relationship: : ' The detector drift leakage currents in Figs. 4 and
. 5 are also illustrative of a second aspect of the sys-
dw- Vv ) (2) © tem's capabilities. These detectors were payt of an
ad -~ W ‘evaluation of various "gettering" procedures’, and it
was expected that some of these procedures would pro-
‘where W is the thickness of the’ compensated reglon duce deleterious results, which in fact occurred with
“and V is the applied vo]tage. . v the device used to produce the results shown in Fig. 5.
' However, even with this relatively unstable device, the .
Genera]]y speaking, the whole drift will not be system controlled the drift conditions to allow the
carried out at constant temperature or voltage. compensation of the device and therefore a more quan-
Considering an interval i during which the condi- titative evaluation of the getter1ng processes. In
‘tions are constant, and using Eq. 2 and integrat- fact both the devices used in Figs. 4 and 5 became
ing over the interval we have: usable detectors, and the effects of the gettering

techn1ques which caused the instability of the device

wiZ . 12 - 2, VivAt. (3) used in Fig. 5 are still being studied.
where Wi and Wi_1 are the th1cknesses of the A third feature of this system is the accurate re-
compensated region at the end and start of the cording of the drift data and the potential for addi-
interval i, ‘and w4, Vi and At are the mobil- " tional analysis. -Figures 4 and 5 are plots of the
ity, voltage and duration for the interval.. detector drift leakage current versus time, but addi-
_ : : tional plots of leakage current versus drift depth and
If a series of n intervals are summed we have: leakage current versus drift temperature would be
: - : - ' helpful in characterizing the floating zone silicon
W 2 _ W 2 2wl At used in Si(Li) detector fabrication. While the pres-
1 0 T M1t ent system employing the Commodore 64.has performed
~well in controlling the drift process, another desktop
W 2 _ W 2 _ 2u- Vo At computer with a larger memory and an -analysis program
2 TN T M2 a2 8% is being debugged at present to perform the data
: ~ analysis.
2 2!
,.Ni ) wi—l T Zui vi Ati LEAKAGE -
CURRENT (mA) " ~SET DRIFT CURRENT LIMIT
S : s
A (8
Wo = MWpop = 2w Voot . !

Summing these equations we have: 7 ' . ﬁ . ] ’!,,r—*4

2 _i=n . I .
WE-W" = Y 2, V. at, _ 3 .
i=1 . 1 1 1

N 1
o INITIAL
— RAMP
. RAMP UP DOWN —-{ po—

or, since Wy << Wp: S "

2 =n . FIRST DAY
wn ST .igl 2_“1' Vi Ati llllllllllllllllllll‘llllllllllllllllll.IlIl\
0 1440 TIME (MINUTES) 4566
Substitution for uj from Eq. 1 and express1ng XBL 8810-3598
Wp in mm, at in hours, Vi in kV and T in °K, ’
we have: ] Fig. 5 The leakage current versus time for a some-
' ' _ v what unstable detector during drift. In con-
: 1/2 trast to Fig. 4, the initial ramp-up takes a
' j=n  V.At 7.5 x 103 ]ong time and the 1eakage current constantly
W o= 2x 1010 2: i~ exp * (4) increases with time during the drift. The
n &~ T T computer had to make two adjustments, (A) and
- i B (B), to the drift conditions before ramping
, down the drift. At (A) the drift conditions
, are changed from 110° C, 1000 V to 105° C,
SYSTEM PERFORMANCE 700 V, while at gB) the cond1t1ons are
changed from 105° C, 1000.V to 100° C, 700 V.
. In designing this computer-controlled drift system At both (A) and (B) the voltage is restored
the initial objective was to build a controller to to 1000 V after the heater plate reached the
maintain the leakage current, voltage and temperature " demand temperature. As in Fig. 4, the read-
during the 1ithium ion drifting in Si(Li) detector fab- o ings during the first day are every three
" rication. The ability of the system has been illus- minutes, while thereafter they are every six
trated earlier in the discussion on Fig..4, and is fur- minutes. The number at the right of the time
ther illustrated in Fig. 5. As shown in this figure axis indicates the starting time of the ramp-
and discussed in the figure caption, the system made down.



Computer-controlled drift stations of different
degrees of complexity using the Commodore 64 have been
in use in our laboratory for about three years with
good reliability (one computer power supply failure).
In comparison with our earlier manual systems, these
computer-controlled systems have greatly reduced both

the time spent "watching" detectors on drift, and the .

propensity to immediately remove detectors from drift
for additional chemical processing when instabilities
in the leakage currents are observed.

DISCUSSION

The drifting of Si{(Li) detectors is somewhat of an
art with a variety of procedures before, during and
after the drift being used by various detector makers.
The computer-controlled drift station described makes
the actual drifting of these devices a well contro]]ed
and documented processing procedure.

The initial objectives for a computer-controlled
drift system have been met with the described system
and program. With the planned additions for improved
data processing, this system will not only greatly aid
in the fabrication of conventional Si(Li) detectors
but will also be invaluable in the development of
novel Si(Li) detectors and processing procedures.

Finally, this system is yet another example of the
utility of small inexpensive desktop computers as con-
trollers in research and manufacturing applications.
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