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Cryogenic InSb detector for radiation measurements
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The energy spectra f*Am alpha particles were measured by a detector employing the compound
semiconductor InSh at an operating temperature below 4.2 K. The fabrication method and current—
voltage curves are shown. Though the energy resolution of the detector is not discussed in this
article, this is the first report on an InSb radiation detector.2@2 American Institute of Physics.
[DOI: 10.1063/1.1484238

I. INTRODUCTION promising. We need, therefore, to develop other types of ra-
diation detectors with larger active areas, and with energy

Radiation detectors, especially detectors for x rays andago|ytions higher than conventional semiconductor ones for
gamma rays with very high energy resolutions, are required 4,,anced x-ray applications in industry.

in the research fields of pure physics such as x-ray astronomy - \;cparri2 showed the possibility of the compound semi-
and those of industrial applications. The requirement for en¢onqyctor InSh as a substrate for a radiation detector with
ergy resolution is some eV for 6 keV x-rays, an energy resopigh energy resolution. The band gap energy of InSb is 0.165

lution that cannot be a(_:hieved by conventiona! semicor)ducéV' 1/6 of that of Si, and 1/4 of that of Ge, while the mobility
tor detectors such as(8i) and Ge detectors, their theoretical of its electrons is 78000 W s ! 40 and 20 times

limits of energy resolutions being nearly 120 eV for 6 keV X greater than those of Si and Ge, respectively. The mobility of
rays. holes is 750 crfiv ts %, which while not very outstanding

To meet the requirement described above, detectors e 1 g imes greater than that of Si. The high atomic numbers
ploying superconducting materials have been under extenss | (49) and Sh(51), and its high density5.78 g cm?)

sive study. Theoretically, the energy resolution of supercongaye |nSh very attractive for photon detection. Although
ducting radiation detectors should be only some eV for GcHarris pointed out these favorable features of InSb, and it

keV x rays. In practice, this energy resolution can be,q peen employed in devices for Hall resistivity measure-
achieved only by superconducting radiation detectors Wltf}nent' and for detectors of infrared, no work has been re-

small active areas of which the typical dimension of the aCported on using INSb for a radiation detector, except as an

tive area is 100umx100 um, an active area of less than jp<orber in superconducting detectofs.
1/10 000 of that of conventional semiconductor detectors. In this article, our first attempt to make an InSb radiation

Inherently, superconducting radiation detectors cannOfjetector is described. The method of fabricating an InSb de-
have large active areas. This is due to the high capacitanGgcior and the current—voltage curves of the detector are
per unit area for superconductor—insulator—superconductq{yieq. Energy spectra 8f!Am alpha particles measured by

(SIS tunnel junction detectors, and the heat capacitancepis |nsh detector are shown as functions of the operating

energy resolution relationship for normal metal-insulator—emnerature, the shaping time of the main amplifier, and the
superconductofNIS) tunnel junction detectors and transition applied bias voltage. Our goal here is to show the use of an

edge sensqr$_TESs).1 Another disadvantage of supercon- |nsy detector to measure X rays with a high energy resolu-
ducting radiation detectors is their small absorber thicknesg;y, However, this is just the first report on radiation mea-
With a submicrometer superconducting layer in SIS detecgrement by a detector made of InSb, and for ease of use in
tors, and with some micrometers of a normal metal layer inyis we employed alpha particles for radiation measurements
NIS detectors and TESs, x rays and gamma rays with enefs ;,qge if the detector actually works or not. The energy
gies higher than some tens of keVs cannot be absorbed efflagq|ytion of the InSb detector is not discussed at this point,

ciently. _ this being just our first attempt at such a fabrication.
However, for measurements of 6 keV x rays in an astro-

nomical application, superconducting radiation detectorg|. EXPERIMENT
with a small active area and thin absorbers can be excellent
detectors. In industrial applications, which require detectio

of higher energy x rays and gamma rays in short time peri- We fabricated a surface barrier-type detector, with a rec-
ods, superconducting radiation detectors do not appear to hifying Schottky contact on the front surface of an InSb sub-

. Device fabrication
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FIG. 1. Schematic drawing of the InSb detector. 1 S s s aaad
10 100
. . Temperature (K
strate, and an Ohmic contact on the back side. The InSbh P (K)

employed was g-type wafer(Wafer Technology Ltd., En- FIG. 3. Resistivity(solid circles and voltage rangésolid squaresof the
gland a diameter of 2 in., thickness of 5Q@m, and with a  center regions of thé-V curves of Fig. 2.
Ge dopant concentration of %8.0"°cm™3. The resistivity

of the InSb substrate at 77 K was 0.2%cm. electrode. The resistivity at the voltage around 0 V, and the
The InSb substraténearly 4 mnx6 mm) was etched 5156 range for which the same resistivity holds, were es-

using a mixture of nitric and lactic acid&:10 for 5min. On  iated for eachi—V curve. The summarized results are
this etched surface, a Schottky electrode was made by evapgrown in Fig. 3.

rating Mo with a thickness of 0.&m. Next, a mesa electrode

was defined using a photoresist mask, and formed by etching

Mo and InSh yvith §uitab|e etchapts with mi'xture's of nitric Alpha particle measurement

and phosphoric acids and of nitric and lactic acids for Mo

and InSb, respectively. The dimensions of the mesa were The InSb detector was mounted on the 0.3 K stage of a
nearly 2 mm<3 mm, with a thickness of 1@m. Finally, the  refrigerator(Infrared Co) and an electrodepositéd"Am al-
processed wafer was mounted by In solder on a Cu p|atgha particle source placed some millimeters from the surface
having an Ohmic contact on the back surface. A schematief the detector. The alpha particlésainly 5.4 MeV in en-

drawing of the detector is shown in Fig. 1. ergy) were collimated at nearly 4 mm diam.
The electronic circuit was a conventional one as shown
in Fig. 4. The preamplifier used was a Canberra 2004 with
B. Measurement of current—voltage curves

the originally connected 100 § resistor replaced by a 2
Current—voltage I(-V) curves were measured by the M resistor.

usual method of connecting the InSb detector, a voltage sup- In this electronic circuit, the voltage applied to the de-
ply (Yokogawa 7651 and a digital multimeterKeithley tectorV4 was calculated by the following equation:

197A) in series. Thd -V curves were measured at several

temperatures from 4.2 to 77 K. MeasurédV curves,

double Schottkv-lik h in Fig. 2 h - Canberra 2004 Canberra 2021
e conosponds 1 the et posikve Pre Amp. |__[ Main Amp. [ MCA
value corresponds to the positive applied voltage on the Cu
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FIG. 4. Electronic circuit for alpha particle measureméCA: multi-
FIG. 2. Current—voltage curves of the InSb detector. The operating temehannel analyzer, DSO: digital storage oscillosgojetails of the input
peratures are shown in the figure. part of the preamplifier are shown.

Downloaded 04 Jun 2007 to 130.54.110.22. Redistribution subject to AIP license or copyright, see http://rsi.aip.org/rsi/copyright.jsp



Rev. Sci. Instrum., Vol. 73, No. 7, July 2002 Cryogenic InSb detector 2535

-10 10000 T T T : v
(a) | (a)
-15 ; _, 8000 p -
)
2 =
é 220 10— g 6000
g’D { B hOlCS\ w JFRTITN TRPTYIY TR %}
< YT e e
g N WM ] § 4000
§ JW <)
=25 ,( U
230 N y T electronT ] 2000
7352 8 9 3 31 32 31‘3 31|4 35 3 O !
.35 v L i 0 200 400 600 800 1000
0 2 4 6 8 10 Channel
Time (ps) 5000 .
(b)
30 - = 4000
=
25 (b) g
& 3000
20 ! %
% 15 ( % 2000
g ©
o 10
?go ‘ } 1000
S |
0 L L |
0 ; ‘ 0 200 400 600 800 1000
5 Channel
-10 FIG. 6. Energy spectra 6f*Am alpha particles measured at operating tem-
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(solid triangle$; (b) 4.2 K, 4 us, 0.5 V(solid circles, 4.2 K, 4 us, 50 V

FIG. 5. Preamplifier output pulses at temperatus€.5 K and(b) 4.2 K. (solid squares and 4.2 K, 1us, 50 V(solid triangles, respectively. The
voltage actually applied to the detectdy is calculated by Eq(1).

RQ We measured, 5 min for each measurement, the energy
(10+ 2)MQ+RQ Vo, (1) spectra of alpha particles with the rising of the operating.
temperature. The measured pulse height spectra are shown in
Figs. 6a) and b) and the applied bias voltage and shaping
time of the main amplifier are in the legend.

Vd:Vi+

where,V; is the inherent voltage/,, is the output voltage of
the bias voltage, anR is the resistivity of the InSb detector
at the operating temperature. When a bias voltage of 100 V

was applied to the InSb detector at an operating temperatUIlH' DISCUSSION

of 4.2 K, Eqg. (1) gives a very small voltage, such &  A. Current—voltage curve of the InSh detector

+2.5mV, substitutindR with 300(2 as shown in Fig. 3. The Double-Schottky-like —V curves were obtained at tem-

determination ol; was Qiﬁicult, however, it was estimated . peratures below 10 K, Fig. 2. We think this was the result of
2;:33;;??6\%0\2;0"0\'\"ng a number of examples of SeMan in.co.mplete Ohmic electrode showing Schottky-like char-
The preamplifi.er and main amplifier output pulses ofa(:te”St.ICS at these Iov_ve_r temperatures. _
- . Estimations of resistivity and voltage range became dif-
InSb were observed by digital storage OSC.'”OSCODe’ and thﬁcult at temperatures above 15 K, Fig. 3, and could have had
z\ljllcs:eA)he'ght spectra measured by multichannel analyz%rge errors. However, we note the drastic change of resistiv-
Thé output pulses of the preamplifier at the operatin ity between .10 and 15 K. _That the res_istivity showed a satu-
temperatures ofa) 0.5 K and(b) 4.2 K are shown in Fig. 5 grate(.j bghawor belw 8 K is encouraging for thg practical
At 0.5 K the rise tir-ne of the pullse was nearly 250 n.s butappllcatlon of InSh dej[egtc.)rs. In the future, with a better
with .a very long decay time. In the inset of FigaJ fast an’d Schottky electrode, resistivity and voltage range at low tem-
. L . peratures would increase and a thicker depletion layer could
slow components, which we think correspond to the contrl—b achieved
butions of electrons and holes, respectively, can be observeae '
in the rising part of the pulse. At 4.2 K, the rise time WasB E d - ¢ aloh il
nearly 1us, and the pulse decay shorter than that at 0.5 K™ nergy deposition of alpha particles
As the operating temperature rose from 0.5 to 4.2 K, the  According to the semi-empirical formula of Ziegler

slow component of the output pulse became dominant. et al.related to the range and energy loss of idtise energy
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of alpha particles with an initial energy of 5.4 MeV after temperatures, and holes were captured and released very
passing the Mo layer was 5.36 MeV. The range of the alphalowly. At higher temperatures, the movement of electrons
particles in the InSb substrate was calculated as ri90n  became slower, while the release of holes occurred soon after
the other hand, the thickness of the depletion layer of thehey were captured.
InSb detector was estimated as 044, using a resistivity The pulse height spectrum measured at 0.5 K was in the
of the InSb substrate of 0.23cm at 77 K the hole mobility smaller channels of MCA as shown in Fig@g At a low
as 750 ciV " 1s 1, and assuming the inherent voltage as 0.5temperature such as 0.5 K, most of the electrons and holes
V.6 We could not tell if the depletion layer thickness was created by the energy deposition of the alpha particles froze
greater than the range of alpha particles at a lower temperaut. This is closely related to the output pulse of the preamp-
ture, at which resistivity of the substrate could be greatefifier. At a temperature of 3.5 K, a slow component of the
than that at 77 K. carriers appeared and had a higher pulse height with a shap-
In practical use for x-ray measurements, a thick depleing time of 4 us. The pulse height with an applied voltage of
tion layer is necessary for efficient detection. The fabricatiorb0 V was slightly higher than that with 0.5 V, Fig(l8.
of an InSb substrate with high resistivity is a key technologyAccording to Eq.(1) the difference o4 between these two

in detector development. bias voltages was nearly 1.2 mV. This indicated that the elec-
trons and holes created by the alpha particles were under the
C. Charge collection process in the InSb detector influence of an electric field, i.e., the InSb detector behaved

s a semiconductor detector. While the shaping time @§ 1

On the digital storage oscilloscope, we observed a stronﬁ1 b bett dition 1 ; il h ¢
electronic noise in the preamplifier output when a bias volt- ay be a betler condition for measurement, we stlf have 1o

age was applied to the InSb detector at 0.5 K. This phenomf-abr'cate InS_b detect_ors with _b_etter recﬂfym_g characteristics
study their operating conditions, and their charge collec-

enon was taken as being the electron avalanche due to ené?—

getic electrons under a stronger electric field with a IongtIon process.

mean free path and high mobility at low temperature. To

avoid this phenomenon, amtype substrate should be em- ACKNOWLEDGMENTS

ployed; in amn-type semiconductor detector with a rectifying Part of this work was performed with the support of the

electrode, electrons experience a weaker electric field as thé¥enture Business Laboratory Project, Kyoto University.

approach the positive electrode. The velocity they would ob-

tain has limitations, which is not enough to induce an elec-*m. Nahum, M. Martinis, and S. Castles, J. Low Temp. PH3&. 733

tronic avalanche. On the other hand, holes will have a stron- (1993. '

ger electric field as they move to the negative eIectrode.%V”J" gb'r\l"(ﬁga;\”i}lNgv‘\’l'i'ﬂ'”ﬁrgmé&?;h‘;iz';hyf'gaelsnfgﬁ ?\17u3c(|1|9r?s?Eum

However, the hole velocity will not be too high due to their \eihods phys. Res. 844 592(1994. o T '

mobility, less than 1/100 of that of an electron. “R. J. Gaitskell, L. C. Angrave, N. E. Booth, A. D. Hahn, G. L. Salmon,
The difference of preamplifier outputs at 0.5 and at 4.2 and A. M. Swift, Nucl. Instrum. Methods Phys. Res3&Q 250 (1996.

K, as shown in Figs. @) and §b), was due to the movement |J6nF§ ﬁ'eﬁﬁéF](pzrgB;?;i?kNsvridygr'k“f?s% f“’pp'”g and Range of

of electrons and holes. At 0.5 K, electrons quickly arrived atsg £ knoll, Radiation Detection and Measurém.emWiley, New York,

the positive electrode due to their greater mobility at low 2000.

Downloaded 04 Jun 2007 to 130.54.110.22. Redistribution subject to AIP license or copyright, see http://rsi.aip.org/rsi/copyright.jsp



