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UNCOOLING GaAs "PYROELECTRIC" SENSOR

Y.V.Prokopenko, Y.S.Sinekop, Y.A-Hoskalyuk, A.I.Tinofeyev,
L.P.Pereverzeva and Y.H.Poplavko

Kiev Polytechnic Institute, 37, Perenogi Ave.,
252056 Kiev, Ukraine

Infrared seniconductor sensors use photoeonductivity and need cooling.
Hodern uncooling IR sensors are based on pyroelectric effect in polar
dielectrics but they should be integrated sith silicon processor with
amplifiers and read out eleetronics. Artificiat pyroelectrieity reeently
discovered .in GaAs type seniconductors allow to design the one-crystal
tlncooling semiconductor "pyrosensor"in which transducer and anplifier are
L'ui-It up in a one crystal. Seni-insulating GaAs t1111-orientated waf er is
thernal-to-electric transducer nhile anplifiers and other nicroelectronics
is no nore than very thin epitaxial layers with an ultra lon thernal Erass.

ft was obtained that t1111-GaAs "pyroeoefficient" is 1.5 1O yC/azg
and its voltage sensitivity is Sv = A-OZ nzC-a (that corresponds to pZT
pyroelectric ceranics). Our investiEiations show that sone of III-Y seni-
con,juctors nhich are eapable to forn solid solutions with GaAs have Sv
ten tines ncre. Above all,they are nuch closer to clieleetrics than seni-
insulating GaAs.

Nes nicroelectronic device naned "pyrotransistor" consists of }{ESFET
sith subaicron channel that can be realized in the thin epitaxial- Iayer
deposited onto (111)-cut safer operating as "pyroElate". The fR radiation
could be absorbed as by special absorbent layer covering the back side of
Hafer-substrate so due to crystal internal absorption. The }ast could be
explained by peculiarit-i,,s of polar lattice, inperfections and doping.

The processes of earrier transfer in the epitaxial layer in rhe field
effect struct,ure is controlted by a thernoi-ndueed electric f ietd in r+afer.
In various constructions of sensor as Iongitudinal so transverse therno-
i;rriuced eleetric f i-eld was used. Produced by the charge carries diffusion
into semi-insulating substrate fron channel, the enrichnent layer plays acrueial role in souree-drain (S-D) conductivity if channel Iength is 1essthen 1,pn. In the short channel IIESFET the dependence of S_D conductivity
on substrate potenti-al is nost pronoueed due to variations of enrichnent
layer thickness. The last could be controlled by wafer's i-nternal elec-tric f ield Ep - l'f oreover, this f ield changes channel 1ength that in itsturn controls a IIESFET drain current.

Sinulation prediets that realization of subnieron field structurepyrotransistor is possible r+ith forlowing nain paraneters:
0.5 pn distance betneen drain and source erectrodes;
O-Z x 500 un gate size;
0.06 pn thickness of epitaxiil layer that has 4 10az cm-s doping level;1O0,pn thickness of substrate=r.rafer wit.h a Z 1Oa4 cm-3 doping 1evel.This structure is possible to arrange over 50 x 50 7:nz crystal a]:ea-Hundreds of pyrotra-nsistors on the sane riaier riourd forn natrix ttrer.ualinage proeessor nhich sensitivity increases as square root fron cellsnunber' The current status of nicroelectronics can Eluarant.ee the identityof each ce11 in this one-crystal pyroprocessor.
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HESFET's conb electrode structure

GaAs epitaxial layer

t1111 AIGaAs polar wafer

,*-""1,."tion
Fig-1. Cross-section of pyrotransistor's ceIl
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Eig.z. Potential shape in the under-gate vicinity of channer:s - sourse, 6 - gate, d - drain, d' -epitaxiar rayer thickness,
Ep - pvroelectric field- IIESFET contains of a high-lever dopedepitaxial layer deposited onto seni-insulated wafer=substrate.subnicron channel is rocated near the boundary epitaxial layer-substrate (that is in the vicinity of potentiar energy ninimun).The last is forned by the back-biased schottky barrier and bythe contact potential barri-er..f ron substrate - Thernally inducedresponse Ep is capabre to change the potentiar barrier heightand shape- The nost profitabrle drain current control could begot, near the threshold region of i{ESFET charact.eristics (if thegate potential is close to the pinch-off vortage). This mode ofoperaLion provides also the least noise factor of I{ESFET.
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