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AMORPHOUS GERMANIUM AS AN ELECTRON OR MOLE
BLOCKING CONTACT ON HIGH-PURITY GERMANIUM DETECTORS®
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ABSTRACT

i:xperiments were performed in an attempt to make thin n* cantacts on
high-purity germanium by the solid phuscl) cpitaxial regrowth o1 arsenic doped
amerphous germanium. After cleaning the crystal surface with ar .o sputter-
ing und trying many combinations of layers, it was not found possible to induce
recrystallication below 400°C. However, it was found that simple thermally
evaporated amorphous Ge made fairly good election or hole blocking contacts.
Exvellent spectrometers have been made with amorphous Ge replacing the n*
contact.

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

tion in high-voltage lcakage current.

INTRODUCTION

Typically high-purity Ge detectors are miade using a metal Schottky bar-
. . . + . . -
ricr on one surface and a lithium n layer on the opposite side  These contacts
are compatible with the need to use only low-temperuture processes (< 400°C) in
order to preserve the quality of the starting crystal. In gencral, these con-
tacts have proven to be adequate for most detector applicaticns although a more
rupged contact than a metal Schottky barrier would be desirable. However, the

t This work was performed under the ao-proes of the U 5. Fnecgy Resvarch
and Development Administration.
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recent demand for high-purity Ge detector telescopes for usc as high-cnergy
charpged particle spectrometers hias focussed attention on the weaknesses of
the lithium diffused contact: 1) the contact as initially made is thick
caough 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-cnergy
particle experiments produces damage which must be anncaled periodically at
shout 1DE°C, and this treatment further thichens the lithium contact.

In contrast to p-type contacts attempts to make low-temperutare, lLaipe-
area n-type contacts by liquid phusvl) and solid phusvl] epitaxy has proved
technically very difficult or impossible. Some success has been achicved only
recently by jon impluntntions). While attempting to induce arsenic-catilysed
reprowth of cvaporated germanium, it was found that simple amorphous Geomnde

G rly pood blocking contact tor both clcctrons and holes,

SOLIN PHASE EPITAXY EXPERIMENTS

Solid phasc epitaxy of a-type germanium is made difficult by the low.
solubility and high-cutectic temperaturcs of proup V impuritics in e, Wit
the exception of phosphorous, which has too high a vapor pressure to make
highly doped ailoys, arsenic has the highest solubility of the group V o¢le-

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

1) «¢-le, As, -G

2 C-te, di-lne, AN, a-Ge

3} c-Ge, As, a-Ge, As

t} Evaporation of As-doped Ge alloys which farm, by fractionavron,
c-Ge, As » a-Ge, (i.c., a graded alloy).

where ¢ and a indicate the crystalline and amorphous phases ro.pectively.



The germanian and germaniun alloys were thermally evaporated from o car-
hon hoat and the As trom o :‘\l‘,()..‘ boat.  All cevaporattons woere carried oul in
an o1l diffusion pump system with a LN trap at < 107" Torr prewrure.  lhe
permantun crystal was cleaned with 1% 1F in ll_,() fust before cvapoerettan id
conld atse be sputtered an o situ with argon tons,

ALl attempts to induce recrystallization from the Ge bulk at 4a0 proa.
unsuceesstul s The evaporated tavers all exhibited high resistavity aftor oo
Lugred heating ot B007C and the tack of crystallization was contfirncd by alpl
chacattoer measurement ‘-4'” However, ol samples showed o sTaght o fvpe thermo-
clectrre effect at room temperature. Diodes were fabricated 1 2l o o dos
by torming @ Pd Schotthy hagricer on the bavk side and covering the aamaphaoa:

Layer with an evaporatoed metiul (A, Ur or Pd) to reduce the spreading sesio omee,

bespite the lack of crystaltization of the layver, it was found that 1

amorphons, Laver made a fairly good blacking contuct a4t "7°K with Jeakand corzont .
e the range of 107% to 107" A for a 10 em’ contact ares with an o« bo fric paetd

ot aboat 100U ¥ em™! gt the p-type germanium amorphous junction.

UM CONTACTS

made

Further expertaents showed that simple evaporated germaniom Vs e
cven better blocking contacts than doped and heat treiated layers, Figure |
shows the E-\ characteristics of two diodes mide by cvaporating first SHo0 4

. o R . 2 : - R
goermiam and then 500 A aluminum on one side of o 10 cam® slice of hugh-pa-.te
4 . .
permanium and 500 A of P oas the other coatact,  The n-type device is 8 mw thaoi
daand the potvpe 10 mm. The arrows on the carves indivate where fuit wepiorio

aventred e measored by the CV chtracterist. Figarre 3 Show o by e L
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and " Am alpha spectrum taken on the p-type device of Fip. 1. The FWIM of

%0

the 1,338 MeV "PCo Tine s 201 KeV o while the Am alpha Yline exhibits 100 key

oottt o, The Pine width Cor the aldpha portic L pead e onsaatent waith o

o
S Yaver of 000 Y uf amorphous germanium.

Gther cxperiments were carri2d out on devices emploving « Lithoam-diFfased

Back vontact on n-type permanium,  Slere the amorphous Layer plays the role ar

hole bluchang or p-type contact . The results were similar to the n-type or

clevtron blocking case.

\lthough amorphous scemiconductors fuve been the focus of much recent

‘_“(.\-lm

1mitle

the amorphous-crystalline junction has not been investigated
. . [ 1 - .
vatensively,  Gragorovicr, ot oat Cirst studicd permanium amorphons panct i
at o time when there was little theoretical background by which 1o interpret
12) . )
the resaglts, Fapglish amd ilmmer proposed amorphous stlicon as a hack con-
tant oo thin, room temperatore Jis/da detevtss .. These authors suggested that
. . N 130

the Blocking avtion sas due fo surface states. Dohler and Rrod-hy Tatet
made o more sletasbed theoretical analvsis of amorphotns-crystalling jauction:
s Lapht of more modern theary. This analysis ceocluded that the roradird Liased
junvtion should be iadistingaishable from "ideal rectifier” charactesistics gl
the roverse carrent should have no saturation but should show an expoaont ot
crease ax the space charge fowers the varrier height .

this harricr height i duce to the fact that the Fermi Jevel in amarphoe.
omecomdu Lo s clamped near the conter ol the Torbidden gap by o gy bigh
Bttty ot detect states (0P 10 107 em') so that antrinsie conduct o i

conoat bt temperatures and the conduct ooty and Fermi bevel roouneaic et b
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For amorphous germanium the temperature dependence of the con-

duct ivily gives an cnergy gap of about 0.8% (‘V”]

mmparities,
with the termi tetos abreat
0.1 ey from the valanee band so that a rectifying barrier can b r1o1med

WD Cathey noor potype crystats, Due to the density of staies one poore

at the Fermy level, metal -amorphous junctions are nearly ohmie,

Jagure 3 shows the tforward characteristic of o diode made on a & em viey. .

w-type permanium shice of 10 cm® arca with a donor concentration Np 25w

o
1o em’. The amorphous contact consists of $SA00 A germanium with o S0¢ 4 2y
.

o
~artface Layver and the back contact is 500 A Pd. Since for an "idea. ~eorif::

B M L G moes v at TR (i
dinl 4
the wlope of Fige 5 of 00078 ¢F wonld correspond to an ideal cectitocr o
91 b thus, within the measurement crrors of slope and temperaturr the oo
Wi ndieal forward charactersstics as predicted by Dohler and Brodery ) f
row L3

Sertes resistance of the diode 15 Lot Kt which vonsists of 8,00 ¢

anl o0 L From the amorphous layer.  This amorphous layer resistos -« ot

ta o bmlh rFesistivity of 1o x 10" 0 em which is espical of fir-1 1000

Vleo from Frg. 3 the barricr height M“) cian be estimiated from

E o

“ll .M 1w (A
Y g,

b

where A Richardson constant = 120 A/ca’K”

and I Snrtnrat sa cerent e e - AN

~o o i wn - b eV, which s
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fevel tor high-purity n-type germanium from the middie of the forbidden gap.
The influence of the Pd Schottky barrier has not bheen inviuded in this estimate.
In reverse bias the agrecement with the theory of Dohler and Hrodﬁkyisl i<
not so good. Al evaporated contacts made so far seem to show very low leah-
ape {1071 A for 10 em® device) for ficlds of a few hundred volts per cm, but
at higher fields there is @ great variation from onc cvaporatian to another.
This obscervation scems to he in contradiction to the idea that the high density
ot gap states makes the propertivs of amorphous Ge independent of impurities.
However, as can be scen ia Fig. 1, the leakage current rises steadily from
farly low voltages whether the depletion region starts from the amorphous laver
or the schotthy barrier. One explanation for this phenomenon may be that sur-
fave varrents are dominant . Lxperiments with guard-ring structures whooh will
allow the separation of contact and surfuce contributions to the reverse current
are in progress,  Prefiminary experiments wsing o lithiun-diftased goard ring
it the perifery of the amorphous contact show that these devices have greatly

reduced leakage currents at high voltage.

it has heen shown that potentially uscful blocking contacts can he made
with amorphous germanium on high-purity germanium.  These can act as replace-
went~ for Pithium diffused Jayers in some detector applications. While the
teakage currents achieved are not nearly as good as with lithiom junctions,
they may be adequate for thuse charged-particle detectors where the high-energy
re-odat fon of Voray or pamma-ray detectors is not needed. laperiments are in
propress to determine the reproducibility of the amorphous contuct and to

determine its Jong-term stability.
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FLOHRE AP FTONS

-V ocharacteristic of two detectors with amorphous peymaniun

froe. 1. Hever
pabladiom Schorthy barrice contacts, Device 473580 is p-type amd
the depletion region grows from the amorphous cuntact . ilevice 3931-7.9

is n-type and the depletion region grows from the paliadium contact,

P, 2. Simudtancous “'Co pans - eayoand C% alpha-particice spectra made with
device 473-8.0. The alpha-particies are ancident on the amorphous
permanium contact . the resolation of the 1,335 MeV gamma peak is
2.8 KeV FWiM.

Feg. > btorwaed 1-V characteristic of an amorphous contuct device.  The

mitial stope of 7.8 meV shows that the devive behaves as an 'ideal

rectifier'.  The series resistance ndicates that the amorphous Ge
resistivity is 1.6 x 10% @ ¢m while from the saturat jon current is

consistent with a barricer height of 0,206 oV,
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