Lawrence Berkeley National Laboratory
Recent Work

Title

AMORPHOUS GERMANIUM AS AN ELECTRON OR HOLE BLOCKING CONTACT ON HIGH-PURITY
GERMANIUM DETECTORS

Permalink

https://escholarship.org/uc/item/8s7053r9

Author
Hansen, William L.

Publication Date
1976-10-01

eScholarship.org Powered by the California Diqital Library

University of California


https://escholarship.org/uc/item/8s7053r9
https://escholarship.org
http://www.cdlib.org/

Ud»;\)».ou,‘,u-/;}
Presented at the IEEE Nuclear Science LBI1.-5564

and Scintillation Symposium, ' C\
New Orleans, LA, October 20 - 22, 1976

AMORPHOUS GERMANIUM AS ANELECTRON OR HOLE
BLOCKING CONTACT ON HIGH-PURITY GERMANIUM DETECTORS

William I.. Hansen and Eugene E. Haller

October 1976

Prepared for the U. S. Energy Research and
Development Administration under Contract W-7405-ENG -48

- N

For Reference

Not to be taken from this room

: L | )

\»»

$966-TdT



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.



Q0 30460560380 o
| | LBL-5564

AMORPHOUS GERMANIUM AS AN ELECTRON OR HOLE:
BLOCKING CONTACT ON HIGH-PURITY GERMANIUM DETECTORS*

William L. Hansen and Eugene E. Haller

Lawrence Berkeley Laboratory
University of California
Berkeley, California 94720 U.S.A.

ABSTRACT

Experiments were performed,in'an attémpt fo_make thin'n¥,contécts on
high—p@rity germénium by the sblid bhaéel) epiﬁaxial regrowth.of arsenic doped
amorphous germanium. After cleéning.the crystal sﬁrface witﬁ afgon sputter-
ing‘and‘trying hany combinations of layers, it was not found possibIe to induce
recrystallization belowv400°C; However, it was fOund'that‘simple fhefmally
evépdratedvamorphpus Ge ﬁade fairly good electron or hole blbcking_contacts.
Excellent spectromeieréghave been madekwith amorphous Ge re?lacing‘the n'
contact. | |

As presently produced, the amorphous Ge contact diodes show a large varia-

tion in high-voltage leakage current.

; INTRODUCTION

Typicélly high—pgfity Ge detectoré ére‘made using a metal Schdtpky bar~ .
fier on one surface and a lithium n" layer on the 0prSite éide. These ¢ontacfs
are cémpatible with the need to use thy low-temperature précesses_(< 400°C) in
order to preserve the-quaiity of the starting crystal. In general, these con;
tacts have proven to be adequaté for most detector applications-élthough a more

rugged contact than a metal Schottky barrier would be desirable. However, the

*  This work- was performed under.the auspices of the U. S. btnergy Rescarcly
and Development Administration. -
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recent demand for high-purity Ge detector telescopes for use as high-energy
charged particle 'spectrometers has focussed attention on the weaknesses of -
the lithium diffused contact: 1) the contact. as initially made is thick

enough to be only marginally suitable from the point of view of energy resolu-

~

tion and 2) the neutron background which is normally present in high-energy L
particle experiments produces damage which must be annealed periodically at
about 100°C, and this treatment further thickens the lithium contact.

In contrast to p-typé contacts attempts to make low-temperature, 1arg¢—v

2) 1) '

area n-type contacts by liquid phase : and solid phase ” epitaxy has proved

technically very difficult or impossible. Some success has been achieved Only’

3)

recently by ion implantation While attempting to induce arsenic-catalysed
recgrowth of evaporéted germanium, it was found that simple amorphous Ge made

a fairly good blocking contact for both electrons and holes.

SOLID PHASE EPITAXY EXPERIMENTS

Solid.phase epitaxy of n-type germanium is made difficulf by the low;i"
solubility and high-eutectic temperatures of group V impurities in Ge; 'wifh:
.the exception of phosphorous, which hés too high a vapor pressure to makev
highly doped alloys, arsenic has the highest Solubility of the group:V'elé—. , -

ments in Ge. Thefefore, the following kinds of layers were formed:

1) " c-Ge, As, a-Ge
2 ¢-Ge, a-Ge, As, a-Ge
3) c¢-Ge, As, a-Ge, As
4) 'Evaporation of As-doped Ge alldys which form, by fractionation;'
c-Ge, As » a-Ge, (i.e., a graded alloy).

where ¢ and a indicate the crystalline and amorphous phases respectively.'
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The germanium and germanium alloys were thermally evaporated from a car-

bon boat and the As from a A1203 boat. All evaporations were carried out in

an oil diffusion pump system with a LN trap at < 107% Torr pressure. The

‘germanium crystal was cleaned with 1% HF in H,0 just before evaporation and .

could also be sputtered in situ with érgon ions.

CAlL attempts to induce recrystallization from the Ge bulk at < 400°C proved
unsuccessfﬁi. The. evaporated layers éll exhibited high resistivity affer pro-
longed heating at 400°C and the lack of crystallization wasvc0nfirméd by alpha

4)

backscatter measurements. However, all samples showed a slight n-type thermo-
electric effect at room température. Diodes were fabricated from these samples
by forming a Pd Schottky barrier on the back side and covering the amorphous

layer-with'an evéporated metal (Al, Cr or Pd) to reduce the spreading resistance.

"Despite the lack of crystallization of the layer, it was found that the

amorphous Iayervmade a fairly good blocking contact at 77°K withﬂleakage'currents

in the range of’107§ to 10"® A for a 10 cm? contact area with an electric field.

of about 1000 V cm™! at the p-type germanium amorphous junction.

'UNDOPED AMORPHOUS GERMANIUM CONTACTS

Furtheér experiments showed that simple evaporated germanium layers made:

~_even better blocking contacts than doped and- heat treated layers;' Figure 1

'shows the I-V characteristics of two diodes made by ‘evaporating first 5000 R

germanium and then 500 R aluminum on one side of a 10 cm? slice of high-purity

. . | : _
germanium and 500 ‘A of Pd as the other contact. The n-type device is 8 mm thick
and the p-type L0-mm.- The arrows on the curves indicate where full depletion

. . . T . 60
occurrad as measurcd by the C-V characteristic. Figure 2 shows a combined = (o
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and 2"!'Am alpha spectrum. taken on the p-type device of‘Fig..l.“The_FWHM éf

the 1.33 MeV ®°Co line is 2.1 KeV thlé the Am alpha line.exhibits 120 KeV

resolution.  The line Qidth fbr the alpha énrticle peak iS'Qoﬁsistent with a

“dead layer oF‘SOOU'R of amorphous germanium. v . T

Other experiments were carried out on devices employing a lithium-diffused

back contact on h—type germanium. Here the amorphous layer plays the role of a
hole b]ocking or p-type contact. The results were similar to the n-type or

clectron blocking case.

DISCUSSION
‘Althoughvamorphbus semiconductors have been the focus of much recent
. (5-10) R 3 U L
interest _ the amorphous-crystalline junction has not been investigated
o e C11) . ; . ” o
extensively. Grigorovici, et al b first studied germanium amorphous junctions
at a time when there was little theoretical background by which to interpret

12)

‘the results. English and Hammer _'proposed‘amdrphous silicon as a back con-
tact on thin, réoﬁ témperatu?e dE/dx detectors. These aﬁthors suggested thaf
the blocking actioh was due.to surface states. Dbhler'and Bfodskyls) later
made a ﬁore detailed theoretical'anélysis of amorphous-crystalline junctions .
in light of more modern theory. This analysis concluded‘tﬁat thé forward biased
~ junction should be indistinguishable from "ideal rectifier" characferistics and
, the rcverse current should have no saturafion but should show an exponentiai
jncréasevas'the space chafge lowers the barrier height.

This barrier height 1s due to the fact that the Fermi level in.amorphous
semiconductors is ¢lamped near the center of the Forhjddcn'gup by a very high
density of defect states (10'? to 10%'/em?) so that intrinsic conduction is v,

scen at all temperaturces and the conductivity and Fermi level is uneffected by
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impurities. For amorphous germanium the temperature dependence of the con- -

ductivity gives an energy gap of about 0.85 eVll)

with the Fermi level about
0.40 eV from the valance band so that a reétifying barrier can be formed.
against either n or p-type crystals. Due to the density of states and positioh_
Qf the Fermi level, metal-amorphous junctions. are nearly ohmic.

Figure 3 shows the forward characferistic of a diédevmade on a 4 mm thick
2 area with a dQnor conéentrafion-ND'; 2!3 £— |
101°'cm3ﬁ The émorphous contact consists of 5000 A germanium wifh a,SOO K A1'
surface layer and ‘the back contact is 500°A Pd. Since for an 'ideal rectifiéf‘

v . kT = 0.0066 eV at 77°K - oy

dinI . 4

.-the slope of Fig. 3 of 0.0078 eV would corfespond to an ideal rectifier at

91°K. Thus, within the measurement errors of slope and temperature, the diode

has idcal forward characteristics as predicted by Déhler'and Brodsky.ls)

~ The
series resistance of the diode is 1.66 KQ which consists of 8705?from the bulk
and 790 © from the amorphous layer.’ This amorphous layer resistance corresponds
11y

to a bulk resistivity of 1.6 x 10°% @ cm which is typical of literature values;

Also from Fig. 3 the barrier height (¢B)-can'be’estimated from

gy = T ln (ﬂ—> | | 2
a0\ - o

120 A/cm?K?

. where A = Richardson constant

_10‘11 Aem? at T =.77°K

1

and J = Saturation current
TN c o f .

so that ﬂB =0.26 eV, which is dbout the expected‘Férmi level difference for;;.

the n-type crystal and the amorphous germanium, i.e., the distance of the Férmif
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level for high-purity n-type germaniﬁm from the_middle of the forbidden gap.
The -influence of the Pd Schottky barrier has not been included in this. estimate.
In}revefse bias the agreement with the theory of DoOhler and Brodskyls) is
not sozgodd. All evaporated contacts made so far seem.to show very low leak- N
age (~ 1071% A fof 10 cm? device) for fields of a few hundred volts per cm, but
at higher fields there is a great variation from one evaporation to another.
This Qbsérvation seemé to be in contradiction to the idea that the high density.
of,gép stateSfmakes,thé-Propertiés of'amorphouere independent of,impurities;
However, as can be seen in Fig. 1, the leakagé cﬁrrent rises steadily from
fairly low_voltagés whéther the depletion reéion starts from the amdrphous layer
or the Schottky barrier. One explanation for this phenomenon may b¢ that sur-
face Cufrents are dominant. Experimgnts with guérd-ring structures which will
51]ow the separation of contact and sﬁrface contributions ié the Teverse current
arc in progress. Preliminary experihénts using a lithium-diffused guard ring
;t the perifery of the ambfphous contact show that these deviées have_greatly

 reduced 1eakagefcurrénts at high voltage.

CONCLUSION

It has been shown that:potentially useful blqcking contacts canvbclmade
with amorphous germénium on high—purity gefhanium.. These éan act as réplace-
ments for lithium diffused layers in some detecfor appiications. ‘While the
leakage currents achieved are not nearly as good as with lithium junctions,
'they'may be adequaté for those charged-particle detectoré where the high-energy
resotution of X-ray or gamma—fay detectorsris not necded. Experiments are in
progrcs§ to determine the reproducibility of the amorphous contact and to

determine its long-term stability.
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FIGURE CAPTIONS

Fig. 1. Reverse I-V characteristic of two detectors with amorphous germanium-
pa]ladium‘Schottky barrier contacts. Device 473-8.0 is p-type and
the depletion: region grows from the amorphous contact. - Device 494-7.9

is n-type and the depletion region growé from the palladium contact.

Fig. 2. Simultaneous Squ gamma-ray and 2*'Am alpha-particle spectra made with
device 473-8.0. The alpha-particles are incident on the amorphous
germanium contact. The resolution of the 1.33 MeV gamma peak is

2.1 KeV FWHM.

Fig. 3. Forwafd I-V characteristic of aﬁ aﬁorphous contaétidevice. The‘
initial slope of 7.8 méV shows that the dévice behaves as an-'ideal
‘rectiéier'; lThe series resistance indicates that.fhe amorphoué Ce,

-_resistivity is 1.6 x 10® Q cm while from the saturation current is

consistent with a barrier height of 0.26 eV.
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