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Abstract

llw?techniques for fabricatingthin self-support-
ing ep.itaxialfilms frr dE/dx detectors have been stud-
ied. Oetectors havin~ thicknesses between 1 and 4 Urn
with ar,.asof 12.5 mm have been fabricated and tested.
‘fhe’responseOf the detectcrs l?d3 been studied with
‘alphaparticies, oxygen ions, and fission fragments.

1. Introduction

The use of epitaxial material to produce thin
(4.6 pm) epitaxial silicon Scivjttkyt,~rrier(ESSB)de-
tectors has 12eelldemof.stratedin :Iw wrks &f J. P.

Ponpon, P. Siffert, and F. Vazr.ilielafidA, Tt?tefort.2

The technique for producing the thin silicon used in

these works was first introduced by R. L. k!cek.3 This
paper reports our experience in the use of this tech-
nique to produce dE/dx detectors a% thin as 1 tire.The
thinning technique has been generalized to allow the
simultaneousfabricationof 9 films per wafer. The re-
sponse Gf detectors made from these films has been
studied using aipha paruicles, oxygen ions, and fission
fragments. The results indicate that these thin dE/dx
detectors will find considerable value in the detection
of heavy ions. Thinner detectors will make lower
threshold detector systems possible. For example, a
1 Urnsilicon detector will just stop 120 keV alpha par-
ticles, 512 keV oxygen ions, 2.1 MeV Pd tons, 2.7 t4eV
La ions, and 4.1 MeV Fm ions. The radiation lifetime
is expected to be at least 10 to 100 times longer than
conventionaldetectors because the charge transport
occurs in a shcwcer time (thinnerdetectors) and the
lower resistivity (greater impurity density, -.10‘s/cm”)
has a higher threshold tc radist,iomeffects.

The electroetch technique of Meek3 relies on the
large difference in etch rate between low resistivity
(-.01fl-cm)and high resistivity (>1 $?-cm)n-type s]l-
icon. The production of a thin film is achieved by
etching away the lower resistivity substrate leaving
the higher resistivityepitaxial layer. Thickness uni-
formity is determined by the epitaxiai process which
can be t 10t across a 5 cm wafer. Epitaxial layers can
be growl as thin as i um. The fabricationprocess and
its gencr~lizat!onto mass production is discussed in
Sec. II.

The r.esporseof 1, 3, arid4 @m detectors is dis-
cussed in Sec. iTI. The uniformity was studied using
alpha particles.

IX. Fabrication—.——

A schematic design of the ELSSBdetector is shown
in Fig. 1. The uniformly thin epitnxial film is sup-
ported on its perimeter by the thick (.200 urn)sub-
strate. A $chottky barrier is formed on the thin sil-
icon film, and tilesignal is taken from the Schottky
barrier ueinq a strip contact that terminates on a wax
pad (ApiezottW). The detectors were fabri at(!dfrom$
n-type silicon epitaxially grown on 5 cm n -type ~ub-
stratcs. The properties of the starting material are
shown in Table 1.

T
—.—--.-,——.
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TARLE I

Characteristicsof Starting Naterial

Detector Resistivity Thickness Substrate Substrate
P t o

u-km) ilob (w) *LOS {n-m)

26-4 9 4.4 .005-.015
40-1 9 3.0 .~~5-.ol5
28-2 1 1.0 .005-.020

Using the selective electrochemicaletch

t
(x) f25e

300
250
200

technique
of Ii.L. Meek, the wafer is etched with a multiple
electrode appcratus to produce a pattern of nine t2Pi-
taxial films on a single wafer. After naunting t.othe
sapphire plate and before etching, the substrate is
completely coated with wax (ApiezonW) and 5 snndiam-
eter regions remmed where the self-supporting films
are to be produced. This mask is easy to apply,
stands up well to the long etching times, and is
easily removed.

The main problem encountered with multiple etch-
ing of the wafer is that the individual patterl,setch
at different rates. The problem appears to he related
to the detailed probe-wafer geometry. A number of dif-
ferent probe geometries were tried; the mcst unifc.-,
and consistent results were obtained with 3 rrmrplati-
num probes with either a flat or hemispherical end.
The probes were 1 runfrom the wafer. A maqnetic stir-
rer and nitrogen bubbler were used during th- etch.
The etch in 5a l!Fsolution required 1-.?hours at -8 V
bias. As indicated by Meek, termination of the etch
ie critical to prevent etch-through around the edge of
the film. The films were monitored visually and as
the size approached 5 mm, etching of individual films
wae terminated by inaskir,gwith wax. The stzh was per-
formed in thtidark. There were no problems associated
with possible crosstalk between electrodes and adja-
cent films.

After etching the entire wafer was removed from
the sapphire plate and cleaned. The wafer was diced
into separate self-supportingfilms using a diamond
scriber. The films were mounted in transmission hold-
ere and the gold (50 wJm\cm2) anrlaluminum (40 Uqm/cml)
contacts evaporated. A typical I-iJcharacteristicof
a finished detector is shown in Fig. 2.

The yield of suitable films varied depending on
the thickness of t.neepitaxial layer and care in han-
dling. In general yields were .50t for the 1 pm mate-
rial ana >80% for the 3 and 4 Urnfilmn. The produc-
tion of self-supportingfilms from epitaxial material
is straightforwardbut requires care to prevent break-
age after etching. Five mm diameter film were the
largeet obtained with :.Llmmaterial, but films up ●O
2.5 ~m in diameter have been produced with 50 pm mate-
rial.

111. Results

The finished detectors were scanned for unifor-
mity of thickness and responee with a micro-coo:dir,ntc
table and an alpha thickness qauqe. The differential
energy loss of the 5.48 Me\’alpha particle from 7“:A!u
passing through the E:SSDdetector was measured wit.1~A
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etandard 250 urnsurface barrier detector. The alpha
source was collimated to a spot 0.5 nmrin diameter and
measurements were taken in a mat~ix with 0.5 am spac-
ing. The electronics consisted of an Oxtec 12S pre-
amplifier and a Tennelec TC205A amplifier with syrmnet-
ric baseline restoration. The response of the 4 bm
detector to alpha particles is shown in Fig. 3. The
results on the uniformity measurements are shown in
Table II. We alpha response for the 1 pm detector
-uld be measured because the signal was less than the
electrcu’icncise of the system. This was primarily
due to the Wyquist contribution to the noise an~ the
high capacitance of the detector. A pulser was used
to measure the total electronic noise-of the
‘{122keVF’WH?O.

TABLE II

fJnifo.rrnityMeasurements

Detector ‘lbtalThicknessa Thickness tinusb
(roof Si) Elect@des

(@

26-4 4.39t.15 4.13*.16
40-1 2.88t.13 2.62*.13
28-2 .97~.~~ .?l~.lo

Observedc
Thickness

(Ulrr)

4.10?.06
2.52i.04

.—
alhe thickness determined by the standard surface
barrier detector.

b
The total thickness minus the thickness due to the
front and back coritactsas measured at the time of
evaporation.

‘Thickness measured by the alpha res~nse of the ESSB
detector itself.

The alpha thickness rneasurenentsi=dicate that the
elect:oetch technique is able to filmS uniform$roduce -
to S0.16 urnover areas of 12.5 mm .

Cur particular electrode qeometry makes the detec-
tor sensitive not only in the thinned region but also
in the region over the substrate under the evaporated
connecting gold contact. Figure 4 shows the alpha re-
spcmee of detector 40-1 in this reqion. The signal is
3.9 times larger than in the thinned region indicating
that charge is being collected from the substrate.

The detectors were also checked with 45 MeV 160

ions scattered from a self-supportinggold target (40
ugm/cmZ) usjug the Van de Graaff accelerator at Lns
A3anrJsScler.~tificLaboratory. Figure 5 showe the spec-
trum observed with detector 26-4. ‘rhebroad tail on
the low energy side of the peak and the sharp cutoff at
2.5 !4eVare due to channeling. In support of thle in-
terpretation,Fig. 6 is the spectrum obtained when the
same detector was tilted .1OO from the r.ormal. Abso-
lute charge measurements indicate that the effective
thickness of dutector 26-4 is 4.31i0.l urnand detector
40-1 is 2.71+0.1 pm. These results are in good agree--
arentwith the alpha particle data.

Figure 7 is t:hespectrum obtained with an v,ncol-
limated 1 Urndetector arid52 MeV ‘GO ions. Thii?re-
sponse is due primarily to the large area sensitive
region over the svbstrate and not the much et her area
of the thinned detector. The peak is 2.8 times larqcr
than that expected for a 1 pm thick sensitive req’on.
This type of measurement provides an added control on
the quality of the epita~ial material and the

fab.?icationprocess eince the region over the substrate
has A different processing history.

The detectors ware also tested with fission frag-
ments froma 2s’Cf source. The 4.1S and 2.52 @m detec-
tors trothexhibited anomalous and irregular high enerqy
tailing in the spectra. This is probably due to tunnel-

ing injectim4 at the front or rear contact or both.
In the fabricationof these detectors no special pre-
cautions were taken to avoid this problem.

Figure 8 is the fission fragment spectrum observed
with the 0.71 ~m detector. The absolute charge co!.lect-
ed for the fission fragments aa a function of the total
voltage across the detector is shown in Fig. 9. The
shape is consistent with nonuniform resistivity profile
of the epitaxial material and a short recombination
lifetime, TR. The predicted charge indicated is for a

detector 0.71 I.UKIthick assuming the enerqy loss calcu-

lations of t+xthcliffcand Schilling.
5

If you assume

(1) P is uniform and equal to 1 O-cm, (2) only the cal-
culated depletion region contributes to the charqe col-
lection, and (3) the ranqe-energycalctilationsam :or-
rect, then our reshlts imply a bias dependent ineensl-
tive layer of ~0.2 urnfor the 0.?1 bm detector. This
is less than that observed with fission fragnent!rfor
the thicker ESSB detectors making similar assumptions.

Figure 10 is the resistivitydepth profile for the
1 pm material indicating that the epitaxial material 1s
not of uniform reslstivityover its thickness. The am-
biguities in our knowledqe of the charge trans[mrt and
the uncertainty in the energy loss calculatio~s for
fission fra~ents makes it difficult to detezmlnc a
thickness of the insensitive region. Table 111 lists
the observed energy loss for the averaqe low energy
fission fragment peak in each detector and a predicted
energy loss for the detectors based on the alpha thick-
ness measurements.

TA8KIEIII

Fission Fragment
Energy Ioss for the Low Energy Peak

Detector E(observed) E(predicted)
(Mev) (Mev)

26-4 37 t3 43.7!2,4
40-1 20 *3 27.5i2.O
28-2 4.7?.2 7.2tl.5

Iv. Conclusions

We have invcstiqatedthe problems associst.ed with
the fabricationof thin dE/dx detectors from epltaxiai
eilicon. Detectors 12.5 KKSK12in area, 1-4 urnthick, and
having resietiviticsas low as 1 Q-cm have been fabri-
cated. Absolute charge mew+uremcnts indicate that the
detectors behave as expected for a silicon Schottky
barrier detect>r when exposed to alpha particles and

160 ione. The response of the detectors to fission
fragments provides a diagnostic tool for investiqlting
problemk with these detectors. This is because of the
nigher density of ion!.zation anaociated with theee par-
ticles.

The use of epitaxial material offers a viable al-
ternative to conventional pruessinq techniques for
the production of uniform uLtra ihin dE/dx silicon de-
tectors. This is because: lower reslstivitiasare
accessible in the epitaxial material, the epitaxial
material is of lower cost, larger areas are possible
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