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Abstract
MIS-PHOTOTRANSISTOR WITH p-n-...-p-n-STRUCTURE AS A GATE
1. M. Vikulin, *Sh. D. Kurmashev, V. A. Mingalev, U. G. Tumanov

The physical mechanisms of the operation of the field-effect MIS-phototransistor with p-n-
...-p-n — structure as the gate is considered. The photo-voltage, which is raised with illumina-
tion, operates by current in the channel of the transistor. The photosensitivity of such transistors
better than that of the photodetector with absorption of light only in the channel. The utilization
as the gate of semiconductor with greater wide band gap than material of channel is extended the
spectral region of sensitivity in ultraviolet.
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AHoOTaNiA
MAH-®OTOTPAH3UCTOP 3 p-n-...-p-n-CTPYKTYPOIO B SAIKOCTI 3ATBOPY.
1. M. Bikynun, I11. JI. Kypmawos, B. A. Minzanes, 10. I'. Tymanis

PosrnsnyTto ¢isnuni mexanizmu aii noxsoBoro MJIH dortorpan3ucropa 3 p-n-... — p-n —
CTPYKTYpOIO B SIKOCTi 3aTBOpPY. BuHHKato49a mpu OCBITJIEHHI 3aTBOpa POTOHAINPYTA YIPaBJIsIE
CTpYyMOM Yy KaHali Tpanzuctopa. DoTodyTnuBicTh TaKOTO Mpuiaay HabaraTto BuIa, HiX y ¢o-
TOmpuiiMada 3 OMHOPIAHOIO CTPYKTYPOIO 3aTBOpa. BukopucTaHHS B AKOCTI 3aTBOpa HAMIBIPO-
BiTHUKOBOI p-N-... — p-N — CTPYKTYPHU 3 O1IBIIO0 IMUPUHOIO 3a00pOHEHOT 30HH, HI)K MaTepiany
KaHaly, pO3IIUPIOE CIIEKTPAIbLHUM Tiana30H YyTIUBOCTI B Y P-001aCTi.

KuawuoBi cjoBa: monsoBuit Tpansuctop, MJIIH — ctpykTypa, GOTOTpaH3UCTOP, P-N- Te-
pexinu.
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AHHOTaIUA

MAI-®OTOTPAH3UCTOP C p-n-...

-p-n-CTPYKTYPOH B KAUECTBE 3ATBOPA

HU. M. Buxkynun, Il. J]]. Kypmawes*, B. A. Munzanes, IO. I'. Tymanos

Paccmotrpennl pusnueckue MexaHu3Mebl JAeicTBus nojsesoro MJIIT ¢poTorpansucTopa ¢ p-n-
..-p-n — CTPYKTYpOH B KauecTBe 3aTBOpa. Bo3HUKaromIee mpu 0CBeIeHNH 3aTBopa (OTOHAIPS-
JKEHHUE YIpaBIsieT TOKOM B KaHaye TpaH3ucTopa. PoToUyBCTBUTENBHOCTh TAKOTO NMpubOpa Ha-
MHOTO BbIIIE, 4eM y GOTONMPUEMHHKA C OJHOPOIHOMN CTPYKTYypoil 3aTBopa. Mcnonp3oBanue B

Ka4yecTBE 3aTBOPA NOJYyIPOBOJIHUKOBOH p-n-. ..

-p-n — CTPYKTYPHI ¢ OONbIIeH MUPUHON 3ampe-

IIIGHHOfI 30HBI, YEM MaTCpHualia KaHajla, paCHIupACT CHeKTpaJIBHLIi/’I Ararna3soH 4YyBCTBUTCJIbHOC-

™ B Y®P-00macTu.

KuarwueBsle cioBa: moneBoii tpansuctop, M/IIl — crpykrypa, dotoTpan3ucrop, p-n- nepe-

XOJI.

The saturation current of the MIS-phototransistor
with the built-in channel of the n-type and semi-
transparent metal electrode is determined by the re-
lation [1].

C
= V), M

were C — capacity of a gate; V, = gn abl/C — pinch-
off voltage of a gate; n_ - equilibrium concentration of
electrons in a gate; a, b, | — width, breadth and length
of the channel, V, - voltage on a gate.

The concentration of the charge carriers at the ir-
radiation of the channel is increased on the value
An= o f T @, that gives to the corresponding in-
crease of the current at the network source-drain.
Here o — absorption coefficient of the channel ma-
terial, 8 — quantum efficiency, 7 — life time of the
electrons, @ — light intensity.

For increase of the sensitivity and expansion of
the spectral range of sensitivity it is offered to utilize
instead of a metal gate and also resistively gate [2],
p-n-...-p-n-structures from the semiconductor with
greater band gap £ ,, than E | of the channel’s mate-
rial [3]. The structure of the phototransistor on the
fig. 1 schematic is shown. At irradiating structure
with a gate, for example, from five p-n-junctions the
photovoltage V, is generated on each of them. And
on junctions 1, 3, 5 from the source it is one sign, and
on the junctions 2, 4 — opposite. In order to, that
voltages of the evens p-n-junctions was not subtract-
ed from the voltages of the odds, the evens junctions
are shunted by the metal bridges. Then the general
voltage on the edge of a gate near the drain V, = mV,
were m — quantity of the odd p-n-junctions.

As is known, for one p-n-junction the photovolt-
age V,=(kT/q)In(j /j +1), where j =qo WD,

J.=aDp, W/Lpz, a, and B, — absorption coefficient
and quantum efficiency of a gate, accordingly; W —
breadth of each n-layer in a gate (remaining labels
conventional). Therefore it is possible to note

= —1

a ﬂz P @
q D,p, ’
Substituting relations for An, V_ and V in (1)
we shall receive for the current of saturation
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Fig. 1. Structure of the MIS-phototransistor. 1 —
source, 2 — drain, 3 — channel of conductance, 4 —
gate, 5 — shunting bridge, 6 — dielectric.

We shall collector (drain current — source volt-
age) volt-ampere characteristics (VAC) of the MIS-
phototransistor. Practically all radiation is adsorbed
in the channel under the illumination of the structure
by a stream of the light with photon’s energy E, < hv
<E,. The second item in (3) is equal to zero (6,=0),
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the drain’s current (and the pinch-off current accord-
ingly) increases proportionally @2.

Practically all the radiation is adsorbed in the
material of the gate at photon’s energy Av = Egz. The
value (3) @ = 0 is equally to zero at the first item and
the phototransistor’s current increases proportional-
ly to min®?. The second item in this case takes with
the symbol “+” since the voltage direction V of the
gate corresponds to enhancement of the channel by
charge carriers.

If the p-n-...-p-n-structure of the gate to upturn
(p-layer to the source, n-layer to drain), the polarity
of the gate’s voltage ¥ becomes negative and the
channel is depleted by the charge carriers. In equali-
ty (3) the second item takes with the symbol “-”, the
current of the drain (and the saturation current) at
irradiation decreases in relation to the current at
@ =0.

The first variant of an arrangement of the gate’s
structure is expedient to utilization for measuring
integrated intensity in all range of the energies of the
photons falling light, when the both items in (3) se-
curing the grown of the current with the increase of
the intensity @. The second variant of the hook up of
the p-n-...-p-n-structure is convenient for definition
of the spectrums portion, into which the radiation
falls. The current is increase with the growth @ when
hv<E , when hv> E — the current of the drain is
decreased with the grown @.

The experimental structures made on the basis of
the epitaxial layers of the n-type silicon by width
4...5 with the resistively 10...15 Om-sm. The SiO,
layer was a dielectric. The gate’s electrode by the
area 100x180 um? created by drawing on SiO, of the
hydrogenized amorphous #-Si by width up to 5 um.
The layers of the p-type created by the ion implanta-
tion. The bridging layers created by deposition of Al.
The spectral characteristic of such structure corre-
sponds to the silicon MIS-phototransistor’s charac-
teristics. Simultaneously for comparison there were
making the test field MIS-structures with the gate of
amorphous silicon without p-n-junctions.

The special checking of the kind of the Al-ohmic
contacts to amorphous silicon both n-type and p-
type (the material of the gate) were executed on the
preliminary samples. The volt-ampere characteris-
tics were linear at these cases. The resistors which
we calculated were corresponded to resistors just of
the silicon’s (the n-type and p-type of the conductiv-
ity) volume. The causes of such behavior of the met-
al (Al) which is contacted with the amorphous sili-
con may be a few. We incline to think the cause of it

6

is the formation of the intermediate combinations
and the extraordinary thin transitional regions. The
tunneling of the charge carriers through of them
most probably. Just of this case it is not to be possi-
ble to reduce the band structure of the real n-Si — Al
— p-Si contact because the “ideal” version of it don’t
corresponds to real.

The output characteristics of the MIS-phototran-
sistor with the continuos homogeneous gate (curves
1, 2) and the gate as p-n-...-p-n-structure (curves 3,
4) in the fig. 2 are shown. The specific power of the
radiation for the diagrams 1 and 3 P = =0 and
P =410 > W/sm? for diagrams 2 and 4. The sizes of
the each p-n-region of the gate is 15...18 um. The
photosensitivity of the field MIS-phototransistors
with the p-n-...-p-n-structure as the gate in the
wavelength interval A=0. 5 ...1. 0 um in 5...50
times are higher, than for transistors with homoge-
neous structure of the gate, depending on number p-
n-junctions of the gate m. The photo-charge carriers,
which are near Al-contact, may recombined. But the
concentration of such non-equilibrium electrons and
holes is no impotence, because the charge carriers
are separated by the potential barriers of the p-n-
junctions which are lighted.
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Fig. 2. Collector characteristics of the MIS-phototran-
sistor. 1, 2 — gate from amorphous silicon; 3, 4 — gate
as system p-n-...-p-n-junctions. The specific
power,W/sm? 1,3 — 0; 2, 4 — 4-10°. A =0. 6 um,
V.=5V.

We conducted the experiments on the manufac-
ture of the gate of the MIS-transistor from the mate-
rial with greater, than for silicon of the breadth of the
band gap. For example, the thermal evaporation of
CdTe films allows to get p-n-... -p-n-layers in which
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the high photovoltage is generated anomalously [4].
The special technology (for example, thermal depo-
sition on the oblique substrate) allow to get p-n-...-
p-n-junctions, in which the p-n-regions are illumi-
nated and the p-n-regions are blacked out. Such
MIS-phototransistors except an increase of the pho-
tosensitivity, have more broad, in relation to silicon,
spectral range of the sensitivity, in particular, in
short-wave (A= 0. 4...0. 6 um) region.

The interest represents also making of the gate
from the silicon carbide, the technology of making
of which films is well enough completed [5]. The
films it have a high photosensitivity in a ultra-violet
portion of the spectrum (A =0. 2...0. 4 um). The
phototransistor with such gate (see fig. 1) will allow
to expand the region of the radiation registration to
0.2...1 um. Ifto replace a voltage direction of a gate
V. (to translocate making bridges on odd p-n-junc-
tions), in a visual portion of the spectrum (A > 0. 4
um) the current /_ will be increased with grown @,
and in ultra-violet region (A <0. 4 um) — to de-

crease. Accordingly, on a sign of change of a current
it is possible to spot to what region of the spectrum
the radiation falls.
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