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Introduction

Thin layers of lead chalcogenides have been grown on single crystal

barium fluoride substrates using a modified hot wall system.

Experience gained by other workers' 2 using this type of system

has been useful in determining the parameters used to grow low

carrier density films in our system. However, since the systems

are not identical, some differences in film properties have been

noted and will be discussed in the body of the report. Films have

been grown and characterized using Hall measurements to determine
the mobility and carrier density. The films, as grown, are acti-

vated by exposing the surface to lead chloride which is necessary

to obtain good Schottky Barrier devices. Lead contacts have been

evaporated onto the surface of the layers to form the Schottky

Barriers and also gold contacts to form the ohmic contacts. Sub-

sequently the contacts are connected to platinum wires using silver

epoxy. After mounting onto a copper holder such that the radiation
is incident on the barium fluoride surface, the devices are char-

acterized electrically and optically.

We have found that most devices are fairly sensitive at 77K but

relatively insensitive at 300K. This is due to relatively high
values of carrier density due to poor control over the secondary

chalcogenide source. Discussion of the results and the oroposed

changes to improve the detectors' sensitivity at both room temp-

erature and liquid nitrogen temperatures are presented.
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Source PreparationI
Quartz ampoules were fabricated, etched with 3:1 HNO 3/HF solution

j and rinsed with deionized water. After flaming the ampoules in

air with the oxy-hydrogen torch, the ampoules were allowed to cool

and loaded with the appropriate amounts of lead and chalcogenide.

The ampoules were pumped to less than 10- 6 torr using an ion pumn,

I backfilled with 400 torr of hydrogen gas and sealed off.

Reaction of the elements was carried out by inserting one end of

I the ampoule into a high temperature furnace (1000-12000 C depending

on the mixture) and keeping the other end cold to prevent high

pressure build up. The entire ampoule was then placed in the fur-

nace and rocked to ensure good mixing before being quenched in a

water bath. Post annealing was accomplished by heating the ampoule

I overnight in a furnace held at 800-9000C.

I
I
I
I
I

I I
I
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Layr Growth

I The basic equipment consists of a vacuum evaporator with a 6" oil

diffusion pump, liquid nitrogen cold trap and 18" diameter bell jar

with the modified hot wall evaporation system shown in Fig. 1. Most

of the evaporations have been carried out with the opening in the

hot wall" tube approximately 2" from the substrate. Freshly cleaved

substrates of BaF 2 were loaded into the substrate holder (initially

we used a single substrate). Crushed source material was loaded

into the source holder and in some cases Se or S was loaded into the

secondary source tube. Table 1. Evaporation runs took from 1-3 hrsIi
depending on the source and substrate temperatures. Layers were

typically 1-4 vm thick and were type tested using a thermoelectric

probe immediately after removal from the chamber. Typically the

layers had a number of cleavage steps arising from the BaF2 substrate.

The appearence of the layers was variable, from cloudy to reflective

depending on whether a secondary source of either Se or S was incor-

5 porated. Early samples were cloudy and tended to be n-type when a

secondary source was not included. However, the p-type samples did

produce good detectors at 77K although not at 300K.

Some of the problems associated with layer growth such as the attack

on Cu electrodesby the overpressure of Se or S, were not experienced

in our system. We feel that the setup is not entirely described as

I being a hot-wall technique but closer to that of an evaporation.

Recent work incorporates 2 substrates, one of which has a Hall sample

I mask to provide electrical measurements of all layers as a matter of

course. We have also modified the system shown in Fig. 1 by heat-

sinking the secondary source tube when S is used, to reduce the vapor

pressure to i level consistent with producing p-type films with a
117 - 3

carrier density of 1-3 X 10 cm
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Layer Activation

Previous experience has shown detector performance is strongly

influenced by the surface of the PbSSe layer prior to deposition

of the Schottky Barrier contact, in this case Pb. 2-  The oresence

of both chlorine and oxygen improves the detector performance

substantially. Layer activation is carried out by suspendiq the

layer face down over a source of PbCl2 for 24 hrs in an ovc ield

at 200 0 C. Both the chlorine from the PbCl 2 source and atm( heric

oxygen are required. The layer/source separation is aopro> ately

0.5 cm.

-4-
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I Hall Measurements

On several layers the measurement of carrier density and mobility
was performed using standard 6 contact, Hall bars. The layers were

processed photolithographically and etched to produce the required

configuration. Gold contacts were evaporated onto the sample using
a photoresist lift-off technique. Silver epoxy (E and C 56C) was

Iused to attach leads to the gold electrodes and the sample was
mounted on a holder. Measurements were carried out at both 300KJand 77K using a 3000 gauss permanent magnet to provide the magnetic
field. Each measurement was performed twice to ensure no change

of properties had occurred in the film such as cracking of the sub-
strate.

I
I
I
I
I
I
I
I
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]Contact Studies
The deposition of both the Pb and An contacts are themselves not

straight-forward. Slow deposition results in a porous dull lead
layer and the formation of a non-ohmic gold layer. Initial results

with the gold contacts showed that they were non-ohmic. At this

point we did not know if the problem was related to the thickness

of the gold layer or to the silver epoxy. The gold source was a
considerable distance from the device which resulted in a thin

0
film (_100A) deposited at a low temperature on the semiconductor

layer. A number of gold contact pads were evaporated onto both

activated and unactivated layers and silver epoxy contacts made to

platinum lead out wires. The results are shown in Table 2.

I
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2 I Heat Treatment

Reports by IT&T and NSWC personnel indicate that the device char-

acteristics may be improved by a thermal cycle to -250 0C. The

J amount of time reported varies considerably but the temperature

range is close. Several layers have been tested and then exoosed

to 250°C for 5-10 min using an infrared heat lamp. Only in the

case of a PbS layer did we see any overall improvement. In some

cases there was a slight improvement in the 300K detector char-

acteristics, but the 77K sensitivity decreased. In almost all

cases both the lead and gold contacts were already evaporated and

the silver epoxy contacts in place. Layer #43/36 was tested before

heat treatment with only the Pb contacts in place and showed a

U degradation of impedance afterwards. Layer 155 (PbS) was not

tested before heat treatment but after being heated to 240 0 C for

i 30 minutes showed good values of D*500 at both 77K and 195K.

Table 3.

I7

I

I
U
I
I
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Contact Evaporation

L0
Both the lead and gold contacts are deposited at e rate of 10-20 A/sec

to form up to 0.5 pm thick pads. The lead contacts are shiny and

clean and do not have a porous look to them. Problems of instability

have been noted by IT&T 2when porous lead contacts were encountered.

In both cases the source/substrate distance is -8". We feel that

the gold source should be somewhat closer to the substrate than 8"

in order to produce a slight diffusion of Au into the laver to

form a good ohmic contact.

|8
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IDetector Characterization

All of the detectors fabric.ted were electrically and opticallyI tested. Responsivity and D* measurements were performed using a

500K black body and suitable electronics to match the detectorIimpedance. Capacitance was measured on a Boonton 74D Bridge.
The spectral responses of the detectors showed good correlation
with the expected curves for PbS, PbS sSe.5 and PbSe as measured

at 77K and 195K. This verifies that binary species evaporation
was indeed taking place and that the subsidiary source of S or Se

2

A was not changing the layer composition from 
that of the source.

The detectors were mounted face down on a copper fixture using Dow

ICorning #3110 rubber. To prevent cracking, the substrate was
affixed to the copper mount by only 2 of the 4 corners. Leads

I were brought out through the spaces between the raised corners of
the fixture. A repumpable metal dewar was employed to perform the

Alow temperature measurements, usually with a sapphire or zinc sul-
phide window. The detector response was measured at 300K using a

source with a flux of 12.65xi0- 6 watt cm- 2 and at lower temoera-I 2
tures with a flux of 2x10 - 6 watt cm- . Where signal levels were

sufficiently high the detectors were checked using both sources.

D* measurements were carried out with a number of noise matching

transformers and the highest value of S/N was used to calculate

D*. Responsivity was measured with the 500K source and a known

gain in the following amplifier. When measuring responsivity

the device impedance can be measured by putting a resistance in

parallel with the detector. When the signal value droos to 50%,

the detector impedance is equal to the parallel resistance. Using

these values of responsivity and impedance the quantum efficiency

of the detectors can be computed, once the spectral response has

been measured. At this time no attempts have been made to measure

the detector impedance as a function of temperature or to plot the

capacitance values at a function of bias. Contact impedances have

been fairly high (>OOQ) due to the non-concentric nature of the

Scontact pads with the detector and resulting sheet resistance.

1 - 9-



Capacitance and "impedance" were measured on a Boonton Capaci-

.I tance 74D Bridge using as low a signal as possible to avoid

averaging the diode dynamic impedance. As can be seen from Table 3,

Ithe impedance values are generally lower than those measured
using the responsivity measurement. The open circuit voltage

and short circuit current were measured with a Keithley 153

microvolt ammeter.

I
I

I1

1I

I
I
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CHARACTERISTICS OF DELIVERABLE DETECTORS

@ 77 K

hN.i Layer
Characteristic #43/46 17/32 40 47/49 46/50/51 55

S R 0 3k 10k 4.5 28k

S PV 96 48 115 195 115 165

N PV .18 .11 .28 .23 .4 .2

D*(500,900,1) 1.2x10" °  1010 100 2x10 0  6.4xi0 9 1.4x10l'

Voc mV 30 9 48 58 55 94

Isc oA 21 25 24 27 17 0.6

* R  2.3k 2k 2.2k 1.3k < Ik 2k

C pF 4196 4230 3580 4240 2130 3010

ov "V 9 4.8 -- 42 17 42

Area cm 2  3x10 -  3x10 -  3x10 3x10 3xi0 5.Oxlo

W iwattCM 2 2 2 2 2 2

Active Material PbSe PbSSe PbSe PbSe PbSe PbS

EU
* Values from Booton Capacitance Bridge

Q Table 3.
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Layer Contact initial After 250 0C for 5 min

R R@ 300K R @ 77K R @ 300K R 0 77K

# 24 Au 50 9

# 24 Cr/Au 110 30

I Au Ag Epoxy 5 1.7

I Pb Ag Epoxy 2.6 0.7

#24 A Au 95 Non Q2ic 95 30
Assynunetri

Table 2
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MODIFIED HOT-WALL EVAPORATION SYSTEM
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Figure 3 10 VIA/div

#47/49 vs Background
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DTECT1~LOR SPECTRAL RESPONSE
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