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PbTe mesa diodes were fabricated from a serigs-of junctions grown on Bagsubstrates. For this series,
the hole concentration was kept constant &t 1@n 2 and the electron concentration varied betweel &id
10%° cm~3. Capacitance versus voltage analysis revealed thatfot0'8 cm~3, a one-sided abrupt junction is
formed. The direct and reverse branches of the current versus voltage curves exhibited different forms among the
diodes. The BA product varied between 0.23 and 308n?, and the integral detectivity ranged from 1.1810
to 6.5x130 cmHZ/2W~1. The performance of the best PbTe photodiodes fabricated here is comparable to the
commercial InSb and HgCdTe infrared detectors, and to the PbTe sensors grown on Si substrate.
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I. INTRODUCTION types of conduction. The resistivity, type and carrier concen-
tration, and mobility of the reference layers were measured at

Due to its energy gap of 190 meV at 77K, lead te"urides_op and 77K i.n a Hall Effect system_ in automatic data acqui-
is a good candidate material for detection applications in théition mode with an electromagnet field of 0.7 Tesla.
mid-wavelength infrared region. PbTe photovoltaic infrared Since the deviation from stoichiometry plays an impor-
sensors can be either of the Schottky barrier [1] opefn tant role in the carrier phz_iracte_r of the lead salts, our MBE
junction types [2,3]. The photodiodes are normally made fronf’PL-yT€ solid source is intentionally prepared metal rich
PbTe layers grown on BaRubstrates or on Si substrates us-(y=0-495). Using this source, amtype PbTe layer with
ing fluoride buffer layers. With device performance compara2n electron concentration of about 5%3m™2 is normally
ble to the metal Schottky barriers, Pbfe- n junctions have ~ 9rown at the usual substrate temperature 6C3@ithout ad-
recently attracted attention as infrared sensors [3-5]. It is welflitional Te flux. In order to obtain thp-type layer, the addi-
known that the electrical characteristics of the junction tional Te flux is mcreaseq untll the character transition from
strongly influence the detector performance. nto p occurs, as shown in Fig. 1. An extra Te flux of about

In this work, we decided to investigate the electrical andsxu_)—9 Torr is necessary in these conditions to change the
optical characteristics of PbTe— n junctions as a function Ca&/mertype. o _
of the carrier concentration of the constituent layers. For this BY Playing with the stoichiometry in the MBE system, both
purpose, we grew a series of Pbie n junctions by molec- P and n-typ;a Pb3Te layers W|th_ carrier concentration in the
ular beam epitaxy (MBE) on (111) BaBubstrates. For this fange of 16 cm- could be obtained. To achieve higher elgc-_
series, the hole concentration of the PhFayer was kept tron corjcentratlon, the PbTe layers must be Fioped extrinsi-
constant at 18 cm2 and the electron concentration of the cally. Bismuth, through the BTe; effusion cell, is normally
n-type layer was varied betweenZtand 16° cm 3. Mesa used as am-type dopant. A detailed study of Bi doping of

diodes were fabricated by lithography process and assemblég?T€ layers in our MBE system was previously done [6]. Us-
in a LN, cryostat for characterization. ing this work as a reference, we have determined th&dgi

Capacitance versus voltage (CxV) and current versus voltf-IUX necessary to grow PbTe layers with the desired electron
P ge (CxV) “oncentration of 15, 108 and 16° cm™2.

age (IxV) characteristic curves were measured for diodes prd: . L . . .
duced from the differenp— n junctions. We also measured  After this calibration procedure, a seriesf-n junction
the integral detectivity and spectral response, in an infrare§aMPles were produced. To form the junctions, jarbthick
optical bench. It was possible to correlate the device’s figure®-IYPe layer is firstly grown on top of a Bafsubstrate fol-

of merit to the data obtained from the electrical characterizaloWed by ann-type layer of approximately gm. For iden-
tion. tification, the junctions with electron concentration in order

of 107, 10'® and 16° cm~3 were namech —n, p—n* and
p—ntt, respectively.

Mesa structures were fabricated by lithography process. A
stainless steel mask with circular holes with diameters of 1.0
and 0.3 mm was used to deposit Au discs with 200 nm of

All samples were grown in a Riber 32P MBE apparatusthickness on top of the-type layer. An electron beam source
equipped with effusion cells containing PbTe, Te angllBi  was used to evaporate gold and a quartz crystal monitor con-
solid sources. Before properly growing tipe- n junctions, trolled the film thickness. These discs were used as protec-
PbTe reference layers were grown on Bakbstrates in order tive masks for the etching process as well as metallic con-
to determine the best MBE growth parameters to obtain botlacts. Mesas were etched using a solution of. BBr:H,O

1. DEVICE FABRICATION
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FIG. 1. Carrier concentration at 77 K versus additional Te flux for C 450k
the PbTe layers grown at 300. The transition of characterto p e ;
occurs at about 8x1® Torr. NZ;,, 100 E
, . . 50
(1:40:40) until thep-type layer is reached. Another stainless :
steel mask was used to deposit Au pads involving each mesa oo o Lo L
structure to form the diode. Each 15x15 fmBaF, wafer con- 0.0 0.1 0.2 0.3 0.4
tain nine diodes with the two different mesa diameters. Gold Reverse Voltage (V)

wires were soldered to both Au pads with indium. The diode

was mounted on a Cu plate and assembled in adrjostat. FIG. 2: CxV and 1/@xv curves, where gis the capacitance per

unit area, for g9 —n PbTe junction p=n ~ 107 cm™3).

lll. C xV CHARACTERISTICS

The capacitance versus voltage characteristic of the pro- o
duced diodes was measured with a HP4280A capacitance me- 08
ter. The capacitance is measured through an alternate signal . PbTe p-n™ ]
of 10 or 30 mV in a frequency of 1MHz applied together with L 0.7¢ - T=80K —
the DC voltage. The maximum capacitance measurable in this 78/ C ¢ . 1
equipment is 2nF. Due to the high dielectric constant of PbTe S os6L °°°o
(k= 800 @ 77K), the diodes with 0.3 mm of diameter were § C X
designed in order to not overpass this value. o L

The upper panel of Fig. 2 shows the CxV characteristic o 05¢
at 80K of a diode fabricated from p— n PbTe junction p 3
andn ~ 10 cm3), and the lower panel plots the inverse 0.4 L.
of square of the specific capacitancg(Capacitance per unit S N A
area) as a function of the reverse voltage. The complete non 30t Experimental Data 7
linear behavior of the 1/£XV curve, observed for this diode, — - Linear Fit ]
indicates that the depletion region extends to both sides of the L 25 F 7
junction. In the other hand, for the-n* and p-n** junc- Ng ook f’&
tions, the 1/ExV plot exhibited an almost linear behavior, ° ¢ L~
as shown in the lower panel of Fig. 3. This result indicates “ . 15F /
that for electron concentration higher thart®6m~3, a one- Q E f
sided abrupt PbTe junction is formed with the depletion region T 4ok Wi
located practically at the side. For this type of junction, M
the hole concentration can be determined by the slope of the o5t b o e b
1/C2xV plot and the depletion width can be obtained from the 0.0 0.1 0.2 0.3 0.4
CxV characteristic [5]. Reverse Voltage (V)

The hole concentration determined from the CxV charac-
teristic of the diodes fabricated from tipe- n™ junction was  FIG. 3: CxV and 1/@xV plots for ap—n++ PbTe junction p=10%
1.1x10" cm~3, a value very close tp = 1.8x13’cm~3 ob-  andn= 10%m3).
tained for the reference layer by Hall Effect measurement.
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In case of diodes from thp — n™™ junctions, a lower value
of hole concentration at about 3Xf0cm—2 was determined
from the slope of the 1/&xV plot (Fig. 3). This fact indicate
that bismuth inter-diffusion may start to take place for PbTe
junctions with electron concentration as high ag®€m—3.
The depletion width for thgp— n* andp — n*™* junctions at
V=0 were close to Jum. This value agrees with published
data for PbTep— n™ diodes grown on Si substrates [3].

IV. IXV CHARACTERISTICS

The current versus voltage characteristics of all diodes were
measured in a self-assembled automatic system composed of a
programmable power supply, an ammeter and a voltmeter [5].
Fig. 4 shows, as an example, the I1xV curve for a PbTe diode
fabricated fromp—n** junction. In this case, the diode pre-
sented a nice IxV characteristic with a low leakage current in
the reverse branch and a small series resistance in the forward
direction. The lower panel of Fig. 4 plots the inverse of the
derivative of the IxV curve &V/dl). This plot allows the de-
termination of the incremental differential resistance)(@&d
the RyA product, where A is the photodiode area.
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FIG. 5: IxV characteristic for a PbTe diode presenting a large leakage
produced from @ — n** junction.
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FIG. 6: Typical spectral response of PbTe photodiodes fabricated

FIG. 4: IxV characteristic for a diode with a small leakage currentreverse branches. The leakage current and the series resistance

fabricated from g-n*+ PbTe junction.

presented a significant variation among the diodes. Fig. 5

shows, as an illustration, the IxV curve of a diode, which ex-
We have observed, contrarily to the CxV results, that thehibits a large leakage current, produced from-an™ junc-

IXV curves exhibited different formats and values among alltion.

measured diodes. Even for diodes fabricated from the same The incremental differential resistance, determined for all
junction, different shapes were observed for both direct andliodes, varied between 0.32 and 48 knd the BA product
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from 0.23 to 31.&cn?. Due to this variation, it was not pos- pm that show peak detectivity ‘DAp) in the range of 18
sible to find any correlation between the parameters obtainegimHz/2w-1 at 77K [7].

from the IxV curves and the electron concentration inithen The spectral response was measured in the same system as

junction. We believe that this large variation observed for thefor the detectivity, by placing a grating monochromator be-

IXV curves in the different diodes is due to non-uniformities tween the infrared source (Glowbar) and the detector. The

during the diode processing and the absence of a passivati@pectral response of the infrared sensor under test is compared

layer. to the response of a piroeletctric reference detector. Fig. 6
shows a typical spectral response of the photodiode, which
exhibits the cutoff wavelength of 5.8m, corresponding to

V. DETECTIVITY AND SPECTRAL RESPONSE the energy gap of PbTe. The drop in response observed at 4.3
pm, in the region of CQabsorption, is due to the difference in
The photodiodes’ figures of merit, i.e. detectivity and spec-optical path for the measured photodiode and the piroelectric

tral response, were characterized in an infrared optical benchletector.

The integral detectivity Dwas measured for all PbTe photo-

diodes at 80K. The radiation from a blackbody source at T =

900 K, chopped with a frequency of 900 Hz, illuminates the VI. CONCLUSION

detector through the BaRwindow of the cryostat. A power

density of 5.65 x 10 Wem 2 reaches the detector and the e have determined the electrical and optical properties of
root mean square voltage signal is measured in a lock-in anppTe mesa diodes fabricated fraqm- n junctions with dif-
plifier with a bandwidth of 14 Hz. The detector noise wasferent electron concentrations. The CxV analysis revealed a
measured for a background at 300K and a field-of-view ofyne_sided abrupt junction for » 108 cm~2 with depletion
30°. The detectivity values of all measured photodiodes variegyiqths around Jum. The p concentration determined from
from 1.1x16 to 6.5x16° cmHZ/2W 1. Like the IXV curves, ihe siope of 1/@xV plot agreed with the one obtained from
the detectivity also showed a large fluctuation among the difyja)| measurements. The IxV curves exhibited different for-
ferent diodes. The detectivity'Tzorrelated well withthe BA  mats for both direct and reverse branches. The leakage cur-
product. Diodes with the highespR values exhibit the best  yent, the series resistance and thievBlues presented a sig-
performance in infrared detection, as expected. nificant variation among the different diodes. The detectivity
The highest values of ¢ product, measured for the PbTe ¢orrelated well with the RA product, and D values close

photodetectors grown on Bafsubstrates during this work, 5 10'lcmHZ/2W-1 were measured for the best photodiodes
are close to the values found in the literature for PpFen produced here.

junction infrared sensor grown on Si substrates [3,4]. It is
important to mention that the performance of the best PbTe
photodiodes fabricated here with integral detectivity &f

6 x 10t cmHZ/2W~1 is comparable to commercial InSband We thank the partial support of FAPESP (Grant Nr.
HgCdTe infrared detectors with cut-off wavelength around 600/12529-6) and CNPq (300811/04-7 and 302395/02-4).
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