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New detector contact technologies have been developed for the fabrication of
segmented planar germanium detectors. Yttrium metal contacts have the correct
combination of physical properties to provide segmented low-noise detector contacts.
Photolithographic yttrium segmentation techniques are being developed to provide
relatively fine and well-defined contact features.
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Hole-barrier electron-barrier
contact contact

E Field — depletion and charge collection
~ 500 — 5000 V/cm

Low leakage current (~ 10 pA) — low noise I

Good electrical connection to Ge — low
noise

fH PGe

b~ 4x10% cm?/Vs (77 K)

p~15kQ cm
1cm3, 1V~ 67 yA !l

Resistivity is far too low

Contacts must form

charge-injection barriers
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Li diffusion,
amorphous Ge
or Si(?)

P implant (?)

Many options:
B, Ni, Cr, Pt, Pd,
Au, ..
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Rectifying and Blocking germanium detector contacts

(Lithium-diffused contacts are rugged h
and have great process yield (~ 100%).
However, the thickness limits the use.

X ray detectors require n-type
(reverse-electrode) germanium
detector.

Charged particle spectroscopy is
adversely affected by dE/dx in the
lithium dead layer.

Position-sensitive applications:
Nuclear physics, nuclear medicine,

.. Lithium contacts are extremely A
kdifficult to coarsely segment y
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Phosphorus implanted n+ contacts (thin) have been used for
charged particle detectors — long and dangerous annealing
cycles, edge problems, low electric field....

Amorphous germanium contact (thin) can be used, low barrier
height (0.3-.4 eV) (temperature limited ~ 90 K), yield is
questionable over large areas — overall this is the best
\alternative.

-
Barrier height is critical

 Lithium hole barrier (n+--p jtn) barrier height ~ 0.7 eV (130 K)
* Amorphous germanium 0.35 eV (avg) (90-95 K)
* j~exp (-o/kgT)

\ S

A thin (segmented) hole-barrier contact with a high barrier height
would be of great benefit to germanium-detector technology.
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NPX and NPX-M Germanium
Strip Detectors

LN, Cooled
NPX Systems

Mechanically Cooled
NPX-M Systems
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NPX and NPX-M Germanium
Strip Detectors
16 x 16 Strip NPX Detector NPX Detector in a cryostat

A better hole barrier contact
could make the gaps narrower
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Phase |: Are there any low work-function metals that form a useful hole barrier? )
Yes, Yttrium (A = 39) metal forms a hole barrier that can function as a detector
contact.

Phase Il Program Goals:

1. Study and optimize the yttrium contact using test detectors

2. Work out photolithography and processing for full-sized detector fabrication —
demonstrate.

Better, less expensive (higher yield), more reliable NPX-M detectors with narrower
Kgaps will be available for nuclear physics. )




Metal Selection

Vacuum Level
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Metal Work function (eV)
Nickel 5.2
Chromium 4.5
Gold 5.1
Palladium 5.1
Platinum 5.7
Germanium >3
Silver 4.3
Samarium 2.7
Antimony 4.5
Yttrium 3.1
Niobium 4.3
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Barrier Type
p+
p+
p+
p+
p+
n-p
not n
not n
slightly n
n+
?

1. Low work function

2. Can be handled (not horribly toxic)

3. Produces n-type interface states on Ge
The most electropositive metals are Li, Na, K, Rb, Cs, (can’t be

handled easily)
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Te=5us

122-keV Peak
FWHM = 1.05 keV
FWTM = 1.90 keV

662-keV Peak
FWHM = 1.67 keV
FWTM = 3.14 keV

100 200 300 400 500 600
E (keV)

700




Miuchaar Ireserumee oS aned M erhecds in Phiysics Ressaoch A SPS-52T (201} 3943

Contents lists available at ScienceDirect

Muclear Instruments and Methods in
Physics Research A

i

journal homepage: www.elsevier.comocate/nima

Yttrium hole-barrier contacts for germanium semiconductor detectors

Ethan L. Hull *, Richard H. Pehl, James R Lathrop, Bruce E. Suttle

PHDs G, Dak Rifge, TW ITED, LEA

AETICLE INFO ABSTREALCT

Arghcke kbgary

Recaiwed I7 July 20010

Rer siwed i ewiend fanm

4 Qwoandser J000
Acceprad & Oonodesr 2010
Aeailable cnline 14 Ocmder 2010

My ol

(e FEET R e
PG
Segmented Con QoS
Gl T a-Taly Seme o
Charged-pamich: deec mr
Virium

Sputtersd yttrium meta forms a thin haole-hamer contact on both p- and netype germamium
semicanductor detectors. Yirium antacts @n provide a sufficentdy high hole bamier o prevent
measurable contact leakage aument below 120 K Detedors having yttnum @ntacts produce good
FAIMa-ray spectnescopy data

& 2010 Esevier BV, All rights nessrvad.

1. Intreduec Gon

Germuand um semiconducior single-particle radiation deteciors
regusire both electron-barrer and hode-barrer Contacts o provide
Tull depletion and sulficient elactric field for good charge-carner
onllection wihile blocking The Dow of Sgnifcant leakage current In
addivion, the contacts must provide a sulficiently conductive
elactrical connection o e germaniom © hvoid serfes noise
problems Negatively bixsed electron-barfer contacts can be
labricated using several well developed technologies. Electron-
barrier contacts can be fabricated by de position of thin (~ 1000 A)
metal layers directly onte the crystalline germanium suface. Gold,
nickel, chromium, platnuem, and palladiom e been demon-
strated 1o form goad Schotiky eleciran Bamies on Serman im
detectors 1] Most detector mamslactuning now melies on thin
boron-implanted p+ coniacls o provide the electron-barner
contacl All these electron-barrer contacts are sulliciently thin
o allvw segmentation intg arbilrary OONLACT geomerries and
provide thin dead-layer entrance windows on the live detecton
wolume for minimal charged-pamicle emergy loss and photon

i che-wi nedvw o 300 Althsoegh lithi um contacts ¢ an e made less
thick, they cannat approach the 1000 A thickness level reduired lof
& Tl y hi m ent ramce wi ndow . Wisen a thin owler contact is neaded
lor lvw-ene rgy photon spectrascopy, the reliance on thick lithi um-
diffused contacts often forces the use of coaxial and peewdo-coasxdal
detectors fabricated fom n-Uype german o Ao gh extremely
rugged and reliable, thick lithium-diffused contacts have greatly
limited the use of germani um deteciors & ransmission detecions
in charged-particle telescopes for nuclear physics experimenis.
Lithium-diffused contacts can be coarsely segmented by grimnding
throwgh the lithiem-diffused Layer amndfor by the wse of relatively
wide gap features between segments |2 A thin hole-barrier
oontact that can be fnely segmented in a comvenient manmmner
wiiidld be & tremendois iMpovenent in 58 nim- dete o
techmology_

The s arch for a thin hale- bamer contad on germaniumdeiectons
Iuas continued since 19705 | 34,5 ). Plos phons-implanied n+ @olacs
wene succesgully implemented in long-standing meckear-pliysics
aray and telescope  programs. However, Lbrication o the
plsphors-implanted n+  oontact is an extremely  imohved
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