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TUNNEL SURFACE CURRENT IN GaAs—AlGaAs P-N JUNCTIONS, DUE
TO AMMONIA MOLECULES ADSORPTION

The influence of ammonia vapors on /-V characteristics of forward and reverse currents and ki-
netics of surface currents in GaAs-AlGaAs p-n junctions with degenerated p* region was studied. It
is shown that ammonia molecules adsorption, under sufficiently high NH, partial pressure, forms in
p-AlGaAs a surface conducting channel with degenerated electrons. P-n junctions with degenerated
p* region have higher gas sensitivity at reverse bias than at forward bias. This effect is explained by
tunnel injection of electrons into the conducting channel from the degenerated p* region at a reverse
bias. The rise time of the surface current in an ammonia vapor atmosphere of ~20s is due to filling up

deep electron traps.

1. INTRODUCTION

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

In previous papers the gas sensitivity of p-n struc-
tures on GaAs and GaAs—AlGaAs [1, 2], GaP [7],
InGaN [8], and Si [9, 10] was investigated. . 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 ad-
sorbed on the surface of the natural oxide layer. The
gas-sensitivity of the forward current in p-n junctions
is limited by strong rise of the injection current with
the bias voltage. The voltage-limit for the reverse cur-
rent is substantially higher. Therefore, under some
conditions, the gas-sensitivity of the reverse current
can be higher than the forward one.

The aim of this work is a study of the influence
of ammonia vapors on the forward and reverse cur-
rents in a GaAs—AlGaAs p-n heterostructure with a
degenerated p*-GaAs layer. It is shown that, at high
enough concentration of ammonia in the ambient
atmosphere, a surface conducting channel with de-
generated electrons is formed and tunnel forward and
reverse currents are observed.

2. EXPERIMENT

The measurements were carried out on p+-
GaAs(Zn) _p'Gao,45Alo,55(Ge) —p-Ga .65A1().35(Ge) -
n- Ga, Al . (Ge) structures with a 3egenerated pt
layer.

I-V characteristics of the forward and reverse cur-
rents were measured in air with various concentrations
of ammonia vapors. The current Kinetics at the change
of the ambient atmosphere was observed.

Fig.1 represents /—V characteristics of the forward
current in a p-n structure in air (1) and in air with am-
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monia vapors of various partial pressures. The forward
current increases with enhanced NH, concentration.
At an ammonia pressure P>1000Pa a pronounced
peak in the /-V curve is observed witch can be ascribed
to electron tunneling between the c—band in the sur-
face conducting channel and the v— band in the de-
generated p* region. It means also that electrons in the
channel are degenerated.
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Fig. 1. I-V characteristics of the forward current in a p-n
structure in air (1) and in ammonia vapors of a pressure: 2 — 50 Pa;
3 — 100 Pa; 4 — 200 Pa; 5 — 1000 Pa; 6 — 4000 Pa

Curves 1— 4 in Fig. 2 delineate the /—V curves of
he forward and reverse currents in a p—n junction,
placed in air with various ammonia partial pressures. 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.
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3. DISCUSSION

Curves 1 and 2 in Fig. 2 were obtained at ammo-
nia pressures of 20 Pa and 100 Pa, respectively. As seen
from the /—V curves sections, corresponding to V>0,
the tunnel forward current under these pressures is
small. And the reverse currents are remarkably higher
than forward ones. It is characteristic of inverted di-
odes and argues that tunneling of electrons at reverse
biases occurs from the degenerated p* region.
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Fig. 2. I-V characteristics of a p-n structure in ammonia
vapors of a pressure: 1 — 20 Pa; 2 — 100 Pa; 3 — 1000 Pa; 4 —
4000 Pa

Fig. 3 shows a simplified band diagram of the p-n
junction with degenerated p* region. The Fermi level
Fis located in the v-band in p* region. The occupied
states area is dashed. However the Fermi level lies by
AFE below c-band in n-region. In our case n-region
corresponds to the conducting surface channel. De-
pending on the ammonia partial pressure, AE change
can be estimated from the expression

n, = N, exp(-AE/kT) , (D

where n_is the electrons concentration in the channel
at the surface; N is the effective density of states in c-
band; k is the Boltzmann constant; 7 is temperature.
It is evident from Fig. 3, that the strong rise of the cur-
rent with reverse bias voltage ¥ must begin at

V,=V,=AE/q, @)

where ¢ is the electron charge. Therefore the cutoff re-
verse bias voltage ¥, must logarithmic depend on the
electrons concentration in the conducting channel,
formed by the electric field of ammonia ions:

V,=kT/qIn(N, /n). (3)

Fig. 4 represents low-bias sections of /—V charac-
teristics of the reverse current in a p-n structure, situ-
ated in ammonia vapors of various partial pressures.
The cutoff voltage was estimated as the intersection of
linearly extrapolated /-V curve with the abscise.
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Fig. 3. Band diagram of an inverted diode at thermal equi-
librium

Y7
NG

0 0,2 0,4 0,6

V,, Volts

Fig. 4. Low-bias sections of /—V characteristics of the reverse
current in a p-n structure in ammonia vapors of a pressure: 1 —
20 Pa; 2 — 50 Pa; 3 — 100 Pa; 4 — 4000 Pa

The dependence of the cutoff voltage on the am-
monia partial pressure P is shown in Fig. 5. This depen-
dence is logarithmic, however, the proportionality coef-
ficientis n kT /q withn=1.4 — 1.5 instead kT'/q.

The discrepancy bétween the model prediction
and the experimental data can be ascribed to a variety
of factors. The most important of them are: a) depen-
dence of the effective channel width on the surface
electrons concentration n; b) non-linearity of the de-
pendence n (P), caused by deep traps in the channel.

A strong influence of trapping processes on the
surface current in studied p-n structures is evident
from a comparison between the rise- and decay curves
of the surface current after let in- and off ammonia
vapor in the container with the p-n structure.

Fig. 6 illustrates the kinetic of the surface current
in a p-n structure after let in and removal of ammo-
nia vapor from the container with the sample. The rise

curve is exponential, i. e.
I(t)y=1,[1-exp(-t/t,)], 4)

where [ isthe statlonaryvalue of I;therisetimet=19.5s.
The decay curve is not exponential, with the 90% decay



time t,,=4s. This time is comparable with the time of
changing the atmosphere in the container. Therefore the
true value of the surface current decay time t,<4s.
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Fig. 5. Cutoff voltage of the reverse current in a p-n structure
as a function of the ammonia vapor pressure

L. nA

30 /

S/
o

0 50

100 150

t.s

Fig. 6. Reverse current kinetics at let in- and out of ammonia
vapor with a partial pressure of 100 Pa

In the simplest case, the adsorption—desorption
process can be described by the equality

dn’”
s 5
” &)

where N is the surface density of adsorbed molecules
(ions); F is the density of the molecules incoming
flow at the surface; o is the probability of adsorption
of a molecule, dropping on the surface; t, — the de-
sorption time of a molecule. For F and the vapor par-
tial pressure P a relation can be written

P/F, =2mv, (6)

where m is the molecular mass; v is the thermal ve-
locity of molecules. For ammonia molecules at room
temperature and P= 100Pa, F, 12.2:10® sm2s!.
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The estimations show that, in non-degenerated
case, the surface density of free electrons in conduct-
ing channel is negligible comparing to the surface
states density which in GaAsis N ~ 3-10"> cm™.

In the stationary case, from (5) we obtain for esti-
mation of T,

Tde: = Nsm /((X‘F;n) . (7)
Putting N = N, and 1, [ ls, we obtain for the
probability of adsorption of a molecule a~1.4:10%,
which corresponds to a potential barrier for the mol-
ecule adsorption AE, ~ 0.48eV.
It is evident from Fig. 6 that

®)

This strong inequality suggests that during the
conducting cannel forming the electron traps of high
concentration must be filled up. It agrees with results
[11], that a decrease in surface states density enhances
the gas sensitivity of p-n junctions on GaAs.

.U 1,.

4. CONCLUSIONS

Ammonia molecules adsorption, under suffi-
ciently high NH, partial pressure, forms in p-AlGaAs
a surface conducting channel with degenerated elec-
trons. I—V curve of the p-n junction with such chan-
nel, having a pronounced peak, is characteristic of a
tunnel diode.

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 degenerated p* region at a
reverse bias.

The threshold ammonia vapors partial pressure of
5 Pa for GaAs—AlGaAs p-n junctions is caused by fill-
ing up the surface states at the middle of band gap.

The rise time of the surface current in an ammo-
nia vapor atmosphere of ~20s is due to filling up deep
electron traps.
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Abstract

The influence of ammonia vapors on /-V characteristics of forward and reverse currents and kinetics of surface currents in GaAs-
AlGaAs p-n junctions with degenerated p* region was studied. It is shown that ammonia molecules adsorption, under sufficiently high
NH, partial pressure, forms in p-AlGaAs a surface conducting channel with degenerated electrons. P-n junctions with degenerated p*
region have higher gas sensitivity at reverse bias than at forward bias. This effect is explained by tunnel injection of electrons into the con-
ducting channel from the degenerated p* region at a reverse bias. The rise time of the surface current in an ammonia vapor atmosphere
of ~20 s is due to filling up deep electron traps.
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A. A. lImawenko, D. A. I[Imawenko, B. B. lllyeaposa

TYHHEJII)HI)IjI ITOBEPXHOCTHBI TOK B P-N ITEPEXOJIAX HA OCHOBE GaAs—AlGaAs, OBYCJIOBJIEHHbIN
AJCOPBITUEN MOJIEKYJI AMMMUAKA

Pe3siome

HccnenoBaHo BiaMsiHUME TapoB aMMKaka Ha BAX mpsiMoro u o0paTHOro TOKOB M HAa KMHETHKY MOBEPXHOCTHBIX TOKOB B p-n
nepexonmax Ha ocHoBe GaAs-AlGaAs ¢ BEIpoXIeHHOM p* 061acThio. ITokasaHo, 4To amcopOLmst MOJIEKYI aMMHUaKa IIpH JOCTaTOYHO
BBICOKOM TapuuaibHoM nasneHun NH, cosnaer B p-AlGaAs 10BepXHOCTHBI MPOBOSALINIA KaHAN C BBIPOXIEHHBIMU SJIEKTPOHAMMU.
P-n nepexonbl ¢ BHIPOXIAEHHOM p* 00,1aCThIO UMEIOT G0Jiee BHICOKYIO Ta30BYI0 YyBCTBUTEIBHOCTD IPU OOPATHOM CMELICHUU, YeM
TIPY TIPSIMOM CMEIIeHUN. DTOT 3(pHeKT 0ObICHSETCA TYHHEIbHOM MHXEKIIMEN 3JIEKTPOHOB B TTPOBOASIINIA KaHAT U3 BBIPOXKICHHOMN
p* obiactu pu 0O6paTHOM cMellleHuU. BpeMst HapacTaHKsi TOBEepXHOCTHOTO Toka ~20 ¢ B IMapax aMMHUaKa CBSI3aHO C 3arloJTHEHUEM
TIyOOKMX 3JIEKTPOHHBIX JIOBYIIICK.

KiroueBble clioBa: TYHHEIbHbBIN ITOBEPXHOCTHBIN TOK, aICOPOLIUS, TIEPEXOI.
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0. 0. IImawenko, @. O. [Tmawenko, B. B. lllyeaposa

TYHEJBbHU IIOBEPXHEBUI CTPYM B P-N IIEPEXOJIAX HA OCHOBI GaAs—AlGaAs, OBYMOBJIEHHI
AJCOPBLIEIO MOJIEKYJI AMIAKY

Pesiome

JocimkeHo BIUIMB NapiB amiaky Ha BAX mpsiMoro i 3BOpOTHOTO CTPYMiB Ta Ha KiHETUKY IOBEPXHEBUX CTPYMIB Y p-n Iepexoaax
Ha ocHOBi GaAs-AlGaAs 3 BupomkeHoto p* objacTtio. [TokazaHo, 1110 aacopOIiis MOJIeKyJI aMiaKy TP TOCTaTHO BUCOKOMY Maplliajib-
Homy TcKy NH, cTBop1oe B p-AlGaAs noBepXHeBuii POBIHM I KaHaII 3 BAPODKEHUMU €JIEKTPOHAMU. P-n nepexoau 3 BUPOIKEHOI0
p* 00J1aCTIO MalOTh BMIILY I'a30BY YYTJIMBICTh IPXM 3BOPOTHOMY 3MIllICHHI, HixX TIpU MpsIMOMY 3MillleHHi. Lleil eheKT MosSCHIOEThCS
TYHEJIBHOIO 1HXKEKIIi€I0 eJIKTPOHIB B IIPOBIMHUI KaHaJ i3 BUPOIKEHOI p* 00J1acTi IMpy 3BOPOTHOMY 3MillleHHi. Yac HapocTaHHS TT0-
BepxHeBoro ctpymy ~20 ¢ B mapax amiaky OB’ sI3aHUI i3 3aITOBHEHHSIM INIMOOKUX €JIEKTPOHHUX MACTOK.

Kimouosi ciioBa: TyHeTbHMIT TOBEPXHEBUI CTPYM, alcOpOILis, TIepexil.
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