THE FIRST DECADE — QUANTUM DEVICES

1996

Ultraviolet Detectors

The same physical properties which make GaN
and its related materials suitable as UV emitters
also make them suitable for UV detectors

N

POBERT A METZGER

etection of light in the ultraviclet
{wavelength < 400 nm; has a wide

range of applications, both commereial
and military, particulaly in those areas wher
the, UV comipenent of light needs to
lvzed -in the presence of ld visibie or
vands. In the cammercial
ations include: flame and
heat sensors, medical applications (steriliza-
tion), UY calibraton devices (tanning moni-
tars), plasma diagnostics, and engine monitor-
ing. Military applications include: the detec-
tion of missile plumes, missile guidance, detec-
tion of biologicalichemical agents (key absorp-
ton lines are in the UV, secure intersatellite
communications (UV will not penetrate Earth's
pzone layer), and wnderwater/submarine com-
munications systems. Most of these applica-
tions require 4 solar blind detector - one which
detects only in the UV, but does not sense
longer wavelengths. As an example, an in
flight missile may have an exhaust plume
which extends to distances of up to a mile,
When trying 0 use a seeker missile o shoot
down this missile, if the detector in the seeker
missile senses a wide spectrum of light, includ-
ing the visible and the IR, then the missile
appears to be almost a mile long due w0 the
cxhavst plume, thereby making it nearly
impossible 1o target the actual missile.
However, if the detector is only sensing in the
U, it will see the houest exhavst gases which
are just escaping at the base ol the missile, and
strike it there, thereby destroving the missile.
In the same manner, UV detectors can be used
ta sense the presence ol a flame (which has &

nad-

UV component), rather than just detecting =
hot ghject which may or may nol be associyed
with 2 flame - an important consideration in
fire detection svsems,

Alternatives

Traditienally, UV dzieciivn has Goen
accomplished by two different devicss - the
photomultiplier tabe (PMT) and the silicon
PIN photodiode. A PMT consists of a photo-
cathode material which emits a photoeleciron
when a pheton is absorbed.  Photocathode
materials such as SbKCs (bailkali) and CsTe
can be used which exbibit maximum sensitivi-
Ly in the range from 400 to 233 am, respective-
lv, making them well suited w UY applica-
tions. Onee the photoelectron is emitied it is
accelerated by in an elecwric field {many thou-
sands of volts required ) and then run through a
photomultiplier, where the signal is amplified,
and then the amplified signal collected. The
complexities of this detector arg that detection
and amplification must tzke place in a vacuum
tube, high voltages are required, the tubes are
physically large and fragile, often need water
cooling, are sensitive to magnetic fields, and
can be expensive. These charactenstics limic
their applications, especially for those requir-
ing small devices consuming small power (key
requiremments  for most military  needs),
However, the PMT exhibits high gain and low
noise, and when using the appropriate photo-
cathode material, can be firly selar blind, The
alternative approach has been to use a 3i pho-
todicde.  This device offers the advantages
inherent ina small, solid state device, requiring

only moderate voltages. Disadvantages of this
approach include the fact that Si is an indirect
bandgap material. so that quantum efficiency is
low {conversion of photons into electron-hole
pairs), and that the peak sensitivity is around
700 nm, so that external filtering is needed to
block out the visible and IR light, this adding
both to the expense and volume of the detector
assembly. What is needed is a detector which
combines the best of both of these devices - the
compactaess, low voltage operation of the Si
photodiede, with the solar blind capabilities of
the PMT.

The next genetation of UV detectors are
those based on wide handgap semiconductors
{Eg > 3.0eV). Unlike 51 which has 2 bandzap
of 1.12 eV, and therefore allows the detection
of wisible and IR light along with UY. those
materials with bandgaps > 3.0 eV, can only
detect light with wavelengths < 414 nm, there-
by making them naturally solar blind, The
bandgap of 3.0 eV represents a lower useable
limit, while for many applications, especiafly
the military ones, which require wavelengths
of 200 - 300 nm. will require bandgaps which
corespond 1 6.1 - 4.1 eV, The two marerial
} e being nvestigated for this
application e based on SiC
- 3.3 ¥ derending on polyrepet aed
i (B = s - 80 eV for Daxly

Sic

Dale Brown and coworkers at Lockheed
Martin [Schenectady, NY), Cree Reszarch
[Durham, NC}. Rensselaer  Polyechnic
Institute [Trov. ¥Y] and Optrogic Laboratories
[Orlando, FL] have fabricated 6H-SiC epitaxi-
al based p-n photodiodes for operation over the
200-400 nni range, which exhibit a responsivi-
ty of 173 mASW 2t 270 nm. S. Sheppard, M.
Melloch, and coworkers at Purdue University
[West Lalzvete, IN] have fabricated buried
channel Charge-Couple Device (CCDs) using
6H-SiC, tking advantage of the fact that 3iC
has a stable oxide which can be used in the
CCD structure. Integrating a SiC phatodiods
with these CCDs would result in UV imaging
system.  [n addition, Boston Electronics
Corporation [Brookline, MaA] now offers SiC
photodiodes grown by Cree. These photodi-
odes can be used with and without filters,
where the filters can block out a Jarge amount
of the light from the 300 - 400 nm regien.
Limitations of this device are due to the indi-
rect bandgap of $iC (and therefore lowered
guantum efficiency), and the fact that the 3.0
eV bandgap piaces it just on the wavelength
adge of being useful as a solar-blind derector,
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AlLGa N Northwestern University

Anis Husain of DARPA. program manager for several key DARPA
sponsored GaN emitier programs. is also injtiating GaN-based UV
detector programs.  Husain sevs. "we have not exhavstively Jooked at
SiC, but feel that AlGaN is the superior choice for this application, sinc
vou can tailor the cutaff wavelength by varying the Al content.” This is
one of the key advantages that AlxGal-xN has over SiC - the ability o
vary the cutoff wavelength from 360 1o 197 nm by varying x (Al con-
tent) from O 10 1006, When this is coupled with high quantum effi-
riencies due to the material's direct bandgaps, capability to form hetero-
junctions. low surface recombination rates, and stability in harsh physi-
ral and chemical environments, DARPA finds AlGaN the most promis-
ing materials system for UV detection. Husain also says, “all the mate-
rials issues that we are addressing in our GaN-emitter programs, those
of growth. defects and contact layers are the same issues that are faced
in the use of GzN and is alloys mr UV detectors. What we learn in
emitters gan be applied 1o detectors.”  In addition, he believes that the - 3 1 i B
development of a compact. low power, reliable solid state UV detector |—| HYET 1R < 2.0 mm thick. Utilizing backside illu-
will open up a whole range of new applications for UV detectors in the srrateeic window | mination through the AIN tutfer layer, 2ll light
mifitary - both for active guidance systems in missiles, “as well as pro- N with encrgy above 6.2 2V is sbsorbed by the
viding another dimension in the spectrum of early idemtification.” AN, while permirting lower energy light w
: pass through, Photoms with energy berween

Like the APA Optics effort, researchars at
Northwestern University's Center for Quantum
| Devices, lead by Manijeh Razeghi, are active-
| Iy pursing the development of AlGal for pho-
toconductive and photevoltaic UV detectors.
Fipure 1 {a) Mlustrates the abilicy of altering the
cutoff frequency of AlxGal-xAs by changing
the Al content, where a cutoff frequency of 260
nr was obtained for an Al content of 46%. An
interesting device which the Northwestern
University group is pursuing, is that of the self
filtering detector which gives a very sharp
T230 300 350 400 spectral responsivity, See Figure 1(b) for the

Wavelength (nm) energy band diagram of this detector in which
the n-GaN layer is (0.3 mm thick and the p-Gal¥
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APA Optics ' | 34 eV (GaN bandgap) and 62 eV (AIN
Sehattky 0 bandgap) et absorbed in the n-Gal laver.
Because GaN has a very high absorption coef-

M, Asif Khan of APA Oprics [Biaine, MN] h": be»n actively work- Barrier junction
on GaN 1nd ils wela e 980, when | = g
s Hozewell, -

a Ha
Iv hammered b\ |1t“k aof p

nt {105 gm-13 the photons entering this
on a‘l zet apsorbed \-H[hl n Ihe JNU [

han Lhr‘:r .._:nes; ol
iRty carmiers reeir nbme

d rapid prosress i detoctol Metal y ".5'61 . before JC"ChI.I'I" the p-n junction depletion
rapid progress in delectors en cantacts Ad<hratide .

_ : e * . goion, and as a result produce no photocur-
nd cowork ve recently fabricated AlxGal-xN phoio- (Hhsminated) hva6. 2\ = 5 P phet

rent. Tt is only for light which h
very close to that of the bandgzp of GaN (3.4
e - wavelength 360 nm) that can penetrae
deagper into the device and reach the depletion
region to form electron-hole pairs (light of

|
conductors where the Al content ranged from 3 o §1%. The 61% Al i B enerLy
conten device exhibiled a cotoff waw e]e"]ﬂ[h of 240 nm, a record for the |
moment. bui one that researchers are quickly fmproving upon.
Phator e‘-p'\nsn ities as high as 300 ASW were obrained for these deviges,

Cme of the critcal issuss that is being addressed is that of defeets and the ”
effect that they have on the bandwidth of the pholoresponse. As com- | lower energy chan the GaN bandgap simoly
pared o a commercialiy available silicon photodiode, which czn operate | 0.3 passes through the device) which in wrm cot-
ar frequencies of 100 kHz, Khen and coworkers find that GaN-based | = ribute to the photocurrent.  Therefore, the
devices can operaie only up lo 3 kHz, this speed limited by the charge | 202 i responsivity of this detector is essentially wned
which eets stored at defects in the AJGaN material. Khan says “that | - : twr the bancgag of the GaN. This effect s illus-
even though the GaN shows twice the responsivity of the SiC photadi- | = : trated in Figure L{c), showing the sirong pho-
ode, its speed is greatly reduced by defects - this is an issue which is cur- | 201 H 1 worespense at 360 nm. By adding Al to the
y under investigation.” APA Optics which hias been working on the | g : GaM in this detector, it should be possible 1o
cation of GaN-based HFET swructures, has wilized the HFET (0.2 8 0.0 | shift this self-filtering detector respanse to
mm gaie length GaN/AIGaN strucures which exhibil froax of 70 GHz o= 'L/"’-_ | shorter wavelengths,
and f1 of 20 GHz) es a photodetector, which hes exhibited responsivities | Schottky barrier | In the Futare, all these UV photode-
as high as 3000 AN for wavelengths from 200 0 365 nm. These large 0.1 250 300 350 400 450 500 | rectors (PMT, Si. SiC. AlGaN} will be avail-
responsivities are caused by the photoinduced shift of the HFETs Vavalenath | able, each exhibiting their own particular
threshold veliage by the wrapped light-generatzd holes, In terms of | avelengih (am) | strengths and weaknesses. However, for appli-
applications and markets for GaN-based photodere Khban says “at ! ~ - J cations requiring small volumes, low powers.
the moment. 30-40 different customers are evaluating our photovelialc  rropre 7. (o) Normalized responsivity for AlLGa, N photocanductor and the ability o wne cuwll frequencies.
and photoconductive deiectors for a wide range of activities - we believe  for Af condent varying from 0.0 10 0.45. (b) Band diagram of GaN-  AIGaN based-detectors offer clear cut advao-
that detector applications will be a very ood market for GaM-based  based self-filtering detecror. (c) Responsivity of self-filtering detector. . which may well make AlGaN the mate-
devices.” Courtesy of Novtlrwestern University. Hal of choice for futare UN detectars.
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