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The effect of a treatment in concentrated wet ammonia vapors on [-V characteristics of
GaAs p-n junctions, measured in air and in ammonia vapors, was studied. Such a treatment
strongly enhances the sensitivity of the surface current to the water- and ammonia vapors.
In ammonia vapors of high enough partial pressure, a maximum in the forward branch
of I-V characteristic appeared. The treated p-n junctions have higher gas sensitivity at
reverse bias than at forward bias. This suggests that ammonia molecules adsorption, under
sufficiently high NH3 partial pressure, forms in the p-n junction a surface conducting
channel with degenerated electrons. And the observed maximum in the I-V characteristic is
explained by tunnel injection of electrons from the conducting channel to the degenerated

p+ region.

1. INTRODUCTION

P-n junctions as gas-sensitive devices [1, 2]
have some advantages in comparison with struc-
tures, based on oxide polycrystalline films [3, 4]
and Shottky diodes [5, 6]. P-n junctions have high
potential barriers for current carriers, which re-
sults in low background currents. Sensors on p-n
junctions [1, 2] have crystal structure, high sensi-
tivity at room temperature

In previous papers the gas sensitivity of p-n
structures on GaAs and GaAs—AlGaAs [1, 2],
GaP [7], InGaN [8], and Si [9, 10] was investi-
gated. It was shown that the gas sensitivity of all
these p-n junctions is due to forming of a surface
conducting channel in the electric field induced
by the ammonia ions adsorbed on the surface of
the natural oxide layer.

The mostly interest for gas sensors on p-n
junction are Si and GaAs. The Si p-n junctions
can be combined in a transistor, which has much
higher gas sensitivity than a single junction [11].
They can be easy integrated into microelectronic
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circuits. And GaAs p-n junctions can have very
high gas sensitivity [12].

Some tunnel effects on /-7 characteristics of
the surface current, due to ammonia molecules
adsorption, were observed on AlGaAs-GaAs p-n
junctions under high, of 4 kPa ammonia partial
pressure [13]. The threshold ammonia vapors par-
tial pressure of 5 Pa for GaAs—AlGaAs p-n junc-
tions is caused by filling up the surface states at
the middle of band gap. And the treated GaAs p-n
junctions have a threshold ammonia vapors par-
tial pressure of 0,1 Pa [12]. Therefore the tunnel
effects must be observed on these junctions under
lower NH, pressures.

The aim of this work is a study of the influence
of ammonia vapors on the forward and reverse
currents in a GaAs p-n structures after a treatment
in wet ammonia vapors of high partial pressure.



2. EXPERIMENT

The measurements were carried out on GaAs
p-n structures, described in the previous paper
[12]. The junctions were treated by durable expo-
sure in wet ammonia vapors under an NH, partial
pressure of 12 kPa. -V characteristics of the for-
ward and reverse currents were measured in air
with various concentrations of ammonia vapors.

Fig.1 represents /-J characteristics a p-n struc-
ture, measured in air and in air with wet ammonia
vapors of various partial pressures. The forward
and reverse currents increased with enhanced
NH, concentration. At an ammonia pressure of
P=100Pa a pronounced peak in the I-V curve
was observed, witch can be ascribed to electron
tunneling between the c—band in the surface con-
ducting channel and the v— band in the degener-
ated p” region at the contact. It is seen that the
reverse current is greater than forward one at the
same ammonia pressure. It is characteristic for
tunnel currents in tunnel- and inverted diodes.

3. DISCUSSION

The experimental results can be explained with
the model, depicted in fig. 2. Ionized ammonia
molecules 2 are located on the natural oxide sur-
face. Their electric field bend the depletion layer
3 and forms a n- conducting channel 4. The for-
ward current consists of two components. Arrow
a corresponds to the through component /, of the
current in the channel. And arrow b represents the
current component /. due to electron injection
from the channel into the p* layer at the contact.
The I-V curves, measured under ammonia pres-
sures P<100 Pa, are monotonous and correspond
to the case of

I,>1. (1)
At P>100Pa a clear maximum in the /-V curve
apiers. And, at low enough voltages, the forward
and reverse currents are equal. This is character-
istic for tunnel current in p-n junction.

It is remarkable, that the current in the mini-
mum of the /-V curve, measured at P=100 Pa, is
lower than currents, meaeured at the same voltage
under P= 50 Pa and P=20 Pa. It can be explained
as a result of the quantization of electron energy
in the channel [14].

There is a triangular potential well for the elec-
trons in the channel. For the electron energy lev-
els in this well one can write [14]

2137 5 5. 2\l/3
E = éﬂ n—l e Fh , @
"2 4 2m*

where F'is the slope of the wall; m* is the electron
effective mass; n=1, 2, ... Electrons in the cannel
are located on the lowest level of the triangular
well and, at corresponding voltages, resonantly
tunnel to the empty states in the p*layer. And the
lateral mobility of the electrons on this level is
lower than without quantization. Therefore the
current in the minimum in the /-7 curve at P=100
Pa is lower than current, measured at P=20 Pa.
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Fig. 1. I-V characteristics of a p-n structure
in ammonia vapors of various pressureS P.

4. CONCLUSIONS

Ammonia molecules adsorption, under suf-
ficiently high NH, partial pressure, forms in p-n
GaAs a surface conducting channel with degener-
ated electrons. I~V curve of the p-n junction with
such channel, having a pronounced peak, is char-
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acteristic of a tunnel diode. The electron energy in
the channel is quantized.

P-n junctions with degenerated p* region

have higher gas sensitivity at reverse bias than at
forward bias. This effect is due to tunnel injection
of electrons into the channel from the degener-
ated p” region at a reverse bias.
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Fig 2. Schematic of a p-n structure, placed in a
donor gas: 1 — oxide layer; 2 — ions; 3 —
depletion layer; 4 — conducting channel; 5 —
surface (fast) centers; 6 — states on the oxide
surface (slow centers). Arrows: a — direction of
the electron movement along the channel; b —
tunneling from the channel into the p* region.

The threshold ammonia vapors partial pres-

sure of 0,1 Pa for GaAs junctions is caused by
filling up the surface states at the middle of band
gap during the treatment.
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Abstract

The effect of a treatment in concentrated wet ammonia vapors on /- characteristics of GaAs p-n
junctions, measured in air and in ammonia vapors, was studied. Such a treatment strongly enhances
the sensitivity of the surface current to the water- and ammonia vapors. In ammonia vapors of high
enough partial pressure, a maximum in the forward branch of -V characteristic appeared. The treated
p-n junctions have higher gas sensitivity at reverse bias than at forward bias. This suggests that am-
monia molecules adsorption, under sufficiently high NH, partial pressure, forms in the p-n junction a
surface conducting channel with degenerated electrons. And the observed maximum in the /-V char-
acteristic is explained by tunnel injection of electrons from the conducting channel to the degenerated
p* region.
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TYHEJIbHUMW MOBEPXHEBUI CTPYM B P-N IIEPEXO/IAX HA OCHOBI
GaAs, IHIYKOBAHUMI AICOPBIIIEIO MOJIEKYJI AMIAKY

Pe3rome

JlocikeHo BIIMB OOPOOKHM y KOHLIEHTPOBAaHMX BOJIOTHX Hapax amiaky Ha BAX p-n mepexoni
Ha ocHOB1 GaAs, BUMIPSIHMX Y MOBITPI Ta B Mapax aMiaky. Taka o0poOka pi3Ko MiJIBUIILY€E Yy TIUBICTD
MIOBEPXHEBOTO CTPyMY JI0 MapiB BOJIMU Ta amiaky. B mapax amiaky JOCTaTHbO BHCOKOTO MapliajibHO-
ro TUCKY 3 sIBIs€ThCsl MakcuMyM Ha BAX. OOpo6ieHi p-n nepexou MaroTh OUIbII BUCOKY Ta3oBYy
Yy TJIUBICTb NPH 3BOPOTHOMY 3MIIIEHHI, HIK MPHU NpsSMOMY 3MilleHH1. Lle cBiqunTh, 10 aacopoLis
MOJIEKYJI amiaKy , PH JOCTAaTHbO BUCOKHMX 3HAYEHHSX TapiiaabHoro Tucky NH,, cTBoproe B p-n 1ie-
pexo/ii MOBEPXHEBUIl MPOBITHUM KaHA 3 BUPOIKEHUMH €JIEKTPOHaMHU. | HassBHICTh CIIOCTEPEKEHOTO
MakcuMyMy Ha BAX MOSICHIOETbCS TYHENBHOIO 1HXKEKIIEI0 €JIEKTPOHIB 13 MPOBITHOIO KaHally y BU-
PODKEHY p' 001acTh.

KurouoBi ciioBa: p-n nepexiza, ra3oBuil CEHCOp, TOBEPXHEBUH CTPYM, IPOBIAHUI KaHaJ, TYHEIO-
BaHH.
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TYHHEJBHBINA IOBEPXHOCTHBIN TOK B P-N IIEPEXOJAX HA OCHOBE
GaAs, UHIYIIUPOBAHHBIN AICOPBIIUENA MOJIEKYJI AMMHAKA

Pesrome

HccnenoBano BiusiHEe 00pabOTKM B KOHIICHTPHPOBAHHBIX BIAXKHBIX IMapax aMMuaka Ha BAX p-n
nepexosoB Ha ocHOBe GaAs, M3MEPEHHBIX B BO3JyX€ M B Mapax aMMHaka. Takas oOpaboTKa pe3ko
MOBBIIIAECT YyBCTBUTEIHLHOCTh MMOBEPXHOCTHOTO TOKA K IMapaM BO/BI U aMMHUaka. B mapax ammuaka ¢
JIOCTATOYHO BBICOKMM TapIMaIbHBIM JIaBlieHHEeM MosBiseTcs MakcumyM Ha BAX. OOpaboranHbie
p-h TIepexobl UMEIOT 00Jiee BBICOKYIO Ta30BYI0 UYBCTBUTEIBHOCTH MPU OOPATHOM CMEIICHUH, YEM
IIPY IPSIMOM CMEIIIEHUHU. DTO CBUACTEIBCTBYET, YTO aICOPOITUS MOJICKYJI aMMHUaKa , TP JJOCTATOYHO
BBICOKMX 3HAUEHMAX MapuuanbHoro gasinenus NH,, co3naer B p-n mepexoje MoBEPXHOCTHBIN MPO-
BOJISAIINI KaHAJI C BBIPOXKICHHBIMH dJIeKTpoHaMu. U mosiienne makcumyma Ha BAX oObsicHseTCs
TYHHEJIbHOW WH)KEKIIUEH IEKTPOHOB M3 MPOBOSIIETO KaHaIa B BRIPOXKICHHYIO p* 00IacThb.

KuaroueBblie cioBa: p-n nepexoq, ra3oBbIA CEHCOpP, TOBEPXHOCTHBIN TOK, MPOBOMAILMN KaHa,
TyHHEJIMPOBAHUE.
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