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ABSTRACT 

A light-sensitive, negative-resistance phenomenon has 

been observed in a special two-terminal CdS device fabricated 

from selected single crystals. The device differs from those 

used in previous investigations in that one end of the device 

was masked to keep out visible light and that the phenomenon 

was observed at room temperature. A method is described 

which enables the phenomenon to be observed on a reproducible 

basis. It was found that the CdS single crystal must have 

a relatively high density of traps. Possible mechanisms 

which may contribute to the phenomenon are discussed. 
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I. INTRODUCTION 

The scope of the work described in this document is the 

investigation of negative resistance in a special two

terminal cadmium sulfide (cds) single-crystal device. 

Figure 1 illustrates a typical current-voltage character

istic curve for the device at room temperature. CdS was 

used because it is very photosensitive and large single 

crystals are available. Tables I and II contain general 

data on CdS, and the physical properties of CdS, respec

tively. 

1 

The device was originally conceived by Dillman1 . It 

consists of a bar of single-crystal CdS approximately 2 rnm by 

2 rom in cross section with a length of approximately 10 mm. 

A rectifying contact of silver (Ag) is attached to one end 

of the bar and an ohmic contact of indium (In) is on the 

opposite end. One half of the device, including the Ag con

tact, is masked to keep out visible light. The other half 

is exposed to visible light. 

This document is divided into six additional parts as 

follows: (1) Section II is a review of literature citing 

previous work done in the field of negative resistance in 

CdS, (2) Section III describes the fabrication of the device 

used in the investigation, (3) Section IV describes the 

methods used to observe the negative-resistance phenomenon 

in the DC current-voltage characteristics of the device at 

room temperature, (4) section v contains the results of the 

investigation, which are used to determine the conditions 
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Figure 1. Current-Voltage curve for 
Special Two-Terminal CdS Single Crystal Device. 
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Table I. General Data on Cadmium Sulfide 

Classification II-VI semiconductor 

Type N 

Crystal Structure Hexagonal 

Band Gap Energy 2.42 eV 

Gap Transition Direct 

Absorption Edge 500 ~ 

Electron Mobility 
(Pure Crystal at 300°K) 

Dielectric Constant (Dark) 

Lattice Constant a 

Electron Affinity 

Typical Dopants 

Chief Use 

340 cm2/(volt)(sec) 

10.3 

4.137 A0 

4.5 eV 

Cl, Br, I, Al, Ga, In 

Photoconductor 

Table II. Physical Properties of Cadmium Sulfide 

Specific Weight 

Soluble 

Melting Point 

Knoop Hardness 

Thermal Conductivity 
(300°K) 

Thermal Expansion 
(300-350°K range) 

4.82 

HN0
3 

l500°C+l5° at 50 atmosphere 
of Argon 

122+4 with 25 gram load 
using Bergsman attachment to 
Vickers Microscope 

0.024 cal/(sec)(cm
2

)(°K/cm) 

3 
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under which the negative-resistance phenomenon can be made 

to be reproducible, (5) Section VI is a discussion of possi

ble mechanisms which may cause the negative-resistance phe

nomenon and (6) Section VII contains a summary of the inves

tigation and some suggestions for further studies of the 

device. 



II. REVIEW OF LITERATURE 

Negative resistance was predicted in a double-injection 

semi-insulator theory by Lampert2 . Double injection in 

insulators was analyzed by taking into account the fact that 

the life-times for the injected electrons and holes are 

different and vary with injection level. The negative re

sistance has its origin in an increasing hole lifetime with 

increasing injection level~ owing to electron depopulation 

of the recombination centers by hole capture. Assuming 

charge neutrality~ a detailed solution was obtained for the 

simple model of an insulator with a single set of recombina-

tion centers filled with electrons in thermal equilibrium. 

He comments that the negative resistance should produce 

either current oscillations or a hysteresis in the DC 

current-voltage characteristics. 

Smith3 reported a hysteresis in the DC current-voltage 

characteristics of certain insulating CdS crystals with Ga 

contacts. The hysteresis was interpreted as the onset of 

double injection. He asserts that double injection is 

inferred from the observation of field-induced recombination 

radiation. The field in the bulk of the crystal was on the 

order of 1000 v/cm. Ambient temperatures were 77°K~ 197°K, 

0 0 
300 K~ and 353 K. 

Light-sensitive~ negative-resistance characteristics~ 

arising from double-carrier injection in a trap-filled 

semi-insulator, have been observed in selected CdS single-

ld 4 The double injection~ 
crystals by Litton and Reyno s • 

5 
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occurring at the Ag and In contacts, was accompanied by rela

tively intense light emission in the neighborhood of the 

Ag contact at field strengths often less than 10 V/cm. The 

potential of the Ag contact was positive with respect to 

the In contact. After appropriate light stimulation of the 

crystals, reproducible negative resistance was observed at 

4.2°K and nonreproducible negative resistance was observed at 

77°K. The negative resistance did not occur at 77°K in the 

same crystal that exhibited negative resistance at 4.2°K, 

even when it was stimulated to the same resistance and the 

same voltage was applied. Contact breakdown was ruled out 

as the double-injection mechanism because, under the condi

tions of contact breakdown, such breakdown would occur at 

both temperatures. 

Dillman1 observed nonreproducible negative resistance 

at room temperature in the DC current-voltage character

istics of a special two-terminal CdS device. One end of the 

single crystal bar, including the Ag contact was masked to 

keep out visible light. The potential of the Ag contact was 

negative with respect to the In contact. The average field 

strengths were less than 10 V/cm. The longitudinal axis 

of the bar was parallel to the c-axis of the crystal. The 

principles of the negative-resistance phenomenon were not 

examined. 

The conditions for the presence of thermally-induced 

negative resistance were examined experimentally for CdS 



and CdSe by Hansch, Nebauer, and Nikolaus5. The theoret

ically predicted change in the characteristics was observed 

by means of variations in the ambient temperature. A method 

is given which allows one to estimate the influence of 

Joule heating in investigations of other effects which lead 

to negative resistance. 

Takagi and Mizushima6 have observed negative resistance 

in the DC current-voltage characteristics of single-crystal 

films of CdS in the dark at room temperature. Fields were 

on the order of 1.5x105 V/cm. The c-axis of the crystal 

was in the plane surface of the film. The characteristics 

changed little at liquid nitrogen temperature. That fact, 

together with symmetry of polarity, made it difficult to 

explain the phenomenon on the basis of double injection. 

They comment that the mechanism may possibly be avalanche 

injection. 

Ridley7 discussed the two cases of negative resistance 

7 

(voltage-controlled and current-controlled) which result 

from true bulk properties rather than from junction or 

contact phenomena. In the case of voltage-controlled 

negative resistance, it was shown that domains of high 

electric field occur. In the case of current-controlled 

negative resistance, it was shown that high current filaments 

form. 

current oscillations in CdS have been observed by 

Guerci, Melchiorri, and Melchiorri
8

. The oscillations 

varied with light intensity. The effect was attributed to 

• 



the diffused In contacts to the single crystal. It was 

argued that the contacts became non-ohmic in the applied 

electric field causing the current to vary. 

McLeod and Hayes9 observed current oscillations at 

room temperature in a single-crystal CdS bar only when the 

positive end of the bar was shaded. Ohmic contacts were 

formed on both ends of the bar by melting In onto the con-

tact surfaces. The longitudinal axis of the bar was perpen

dicular to the c-axis of the crystal. The required dark 

portion of the positive end of the bar seemed to remain 

fixed at approximately 1 mm for various bar lengths used. 

Field strengths varied from 900 V/cm to 2700 V/cm depending 

on the bar length. Over a period of weeks the resistance of 

the contacts and crystals would increase as much as 5 to 1 

with an accompanying increase in the start-oscillation volt-

age. The phenomenon was said to be difficult to explain on 

the basis of an acoustic resonant cavity model. 

Yee10 observed current oscillations in a dark conduc-

tive CdS bar when the electron drift velocity exceeded the 

velocity of sound waves. The fields were 820 V/cm and 

1200 V/cm at 77°K and 300°K, respectively. The longitudinal 

axis of the bar was parallel to the c-axis of the crystal. 

The oscillations were not sensitive to surface treatments, 

indicating that the phenomenon was either a bulk or contact 

effect. The mechanism was described as the propagation of 

high-field domains by the interaction of sound waves and 

free conduction carriers. 

8 



The room temperature conductivity of photosensitive 

crystals of CdS~ rested long in the dark has been shown by 

Harn;k11 to b ~ e many orders of magnitude higher than its 

thermal equilbrium value~ as a result of an effective iso-

lation from the conduction band of holes trapped in the 

sensitizing centers during previous photoexcitation. The 

thermal or photo release to the valence band of these holes 

gives rise to a quenching of the conductivity. 

Smith
12 

made probe examinations of the potential dis-

tribution in single crystals of CdS. The measurements were 

taken at room temperature and represent static character-

istics. The results of these measurements can be summarized 

as follows: (1) a uniform~ linear potential distribution 

along the length of a crystal is the exception~ rather than 

the rule, (2) generally the largest fraction (over 90 per 

cent) of the total potential drop is concentrated at either 

one or both ends of the crystal, (3) the potential drop at 

the ends is usually independent of the applied polarity, 

(4) the potential drop between any two points on the crys

tal is usually a very complicated function of light 

intensity, (5) a few CdS crystals have been found with an 

essentially linear potential distribution along their length 

and (6) relatively large (10 microamps to 1 milliamp) photo

currents have been drawn through crystals with linear poten

tial distributions. He comments that the origin of the 

barriers at the electrodes is not well understood, and 

efforts to alter them artificially, or produce crystal-

9 



electrode systems without barriers, generally have met with 

little success. He warns that before making calculations 

involving the electric field, it is advisable to actually 

measure the potential distribution rather than to assume 

it to be uniform. 

Bube
13 

has shown that when a photoconductor receives 

nonuniform illumination, some special effects can be ob-

10 

tained. He gave a brief example of a photoconductor illumi-

nated parallel to the applied field by light which is 

strongly absorbed and produces excitation only to a certain 

depth. Either primary or secondary photoconductivity could 

result from the nonuniform illumination, depending on the 

relationship between the dielectric relaxation time and the 

transit time. Stockman14 has discussed the problem of non-

uniformly illuminated photoconductors without considering 

trapping. Rose15 included the effects of trapping in his 

discussion of nonuniformly illuminated photoconductors. 

16 . . f th t f Van Heerden set up a cr~ter~on or e ype o 

photocurrent (primary or secondary) to be expected from non

uniform illumination of a photoconductor. He supplemented 

observations on CdS by other authors to demonstrate that a 

primary photocurrent could be observed in insulating crys

tals. No correlation was found between the primary photo

current and the presence of edge luminescence in the crystals. 
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III. FABRICATION OF THE DEVICE 

Figure 2 is an illustration of the special two-terminal 

CdS device described in Section I. Eighteen of the devices 

were fabricated from a selection of seven different CdS 

single crystals. The number of devices fabricated from a 

certain crystal was limited by the size and shape of the 

crystal. The differences, which were introduced during the 

fabrication of the devices are described as they are 

applicable. Table III lists these devices and their relative 

differences. 

A. Preparation of the CdS Bar 

All of the CdS single crystals used in this investi

gation were grown by the vapor phase technique at the 

Electronics Division of Eagle-Picher Industries. After the 

c-axis of the CdS single crystal was determined by optical 

orientation, a flat slab approximately 3 rom thick was cut 

from it with a diamond saw. The slab was then hand ground 

on a wet surface grinder until it was approximately 2 mm 

thick. A bar approximately 2 mm wide by approximately 10 mm 

long was cleaved from the slab. Most of the bars were cleaved 

so that their longitudinal axis was parallel to the c-axis 

of the crystal. The others were cleaved so that their 

longitudinal axis was perpendicular to the c-axis of the 

crystal. 
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Figure 2. Special Two-Terminal CdS Device 1-' 
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B. Contacts 

Every device fabricated used In for the ohmic contact 

and Ag for the rectifying contact. The method by which the 

contact was applied and the contact surface to which it was 

applied~ varied with devices. Prior to applying any type 

contact~ the contact surface was cleaned with ethanol. 

13 

Table IV lists the different contact fabrications which were 

fabricated as follows: (1) Ag print brushed on a cleaved 

surface and air dried~ (2) Ag print brushed on an acid (HCl) 

etched surface and air dried, (3) Ag print brushed on an 

abraded surface and air dried, (4) In soldered to a cleaved 

surface, (5) In soldered to an acid etched surface, (6) 

In soldered to an abraded surface, (7) cleaved surface dipped 

in molten In~ (8) acid etched surface dipped in molten In, 

(9) abraded surface dipped in molten In and (10) vacuum 

deposited In on an abraded surface. 

C. Mask 

The light mask used to cover the half of the device 

including the Ag contact was a small piece of black vacuum 

sealing compound which was formed over the device. It also 

served the purpose of holding the device in place in the 

sample holder. The mask is a good electrical insulator. 



DEVICE 
NUMBER 

(NOTE 1) 

1 

2* 

3* 

5* 

6* 

7 

9* 

11 

12 

13 

14* 

16 

17 

18 

NOTES: 

14 

Table III. Devices Fabricated 

RECTIFYING OHMIC 
CRYSTAL CONTACT CONTACT 
NUMBER AXIS FABRICATION FABRICATION 
(NOTE 2) (NOTE 3) (NOTE 4) (NOTE 4) 

1-116 Parallel (1) (7) 

1-116 Perpendicular (1) (7) 

001-24-8 Parallel (2) ( 8) 

315 Perpendicular (1) (7) 

3-120 Parallel (3) (6) 

909-19-8 Parallel (2) ( 5) 

3-118 Parallel (3) (6) 

315 Parallel (1) (7) 

l-S331 Perpendicular (3) (9) 

l-S331 Parallel ( 2) (5) 

l-S331 Parallel (1) (4) 

l-S331 Parallel (3) (10) 

l-S331 Parallel (3) (6) 

l-S331 Parallel (3) (9) 

(1) Missing numbers indicate that a device was 
damaged before data could be taken. * indicates 
a device damaged after data was taken. 

(2) Eagle-Picher lot number 

(3) Long-axis of bar with respect to c-axis of 
crystal 

(4) Refer to Table IV 



FABRICATION 
NUMBER 

(1) 

(2) 

(3) 

(4) 

( 5) 

(6) 

(7) 

(8) 

(9) 

(10) 

Table IV. Contact Fabrications 

CONTACT 
CONTACT CONTACT SURFACE (CdS) 

TYPE METAL PREPARATION 

Rectifying Ag Cleaved 

Rectifying Ag Acid Etched 

Rectifying Ag Abraded 

Ohmic In Cleaved 

Ohmic In Acid Etched 

Ohmic In Abraded 

Ohmic In Cleaved 

Ohmic In Acid Etched 

Ohmic In Abraded 

Ohmic In Abraded 

CONTACT 
APPLICATION 

METHOD 

Ag Print 

Ag Print 

Ag Print 

Soldered 

Soldered 

Soldered 

Dipped 

Dipped 

Dipped 

Vacuum 
Deposited 

1-' 
\Jl 



IV. EXPERIMENTAL METHODS 

A device holder was constructed and used in making all 

the measurements during the investigation. It consisted of 

a light-tight box with all inside surfaces coated with 

optical flat black paint. The cover of the device holder 

could be opened or closed. The device rested in the device 

holder on a flat slab of ·plexiglass which was also painted 

flat black. Plexiglass was used because it is a good 

electrical insulator. Contact was made to each end of the 

device by slight pressure from a gold-tipped phosphor-

bronze wire. The light mask held the device on the plexi-

glass slab in the proper position between the contacting 

wires. 

16 

All measurements were made at room temperature. Device 

temperatures were not monitored during the current-voltage 

measurements~ and it is assumed that there was no appreciable 

temperature change as a consequence of ohmic heating. 

A. Optical Measurements 

The relative intensity of the light incident on the 

device was measured with an Optics Technology Model 610 

Power Meter. The instrument was designed to measure and 

give direct readings of the incident power from a laser 

b For the ;nvest;gation it served the 
earn in milliwatts. • ~ 

1 . ht intensity measurements with 
purpose of making relative ~g 

readings in arbitrary units. 



Illumination was provided by either the ambient room 

light or by a tungsten lamp. Dark measurements were made 

by closing the cover of the device holder. 

All of the devices were very sensitive to variations 

17 

in illumination, and for that reason, it was necessary for 

all objects in the room in which the measurements were being 

taken, to remain motionless during the measurement. 

B. Electrical Measurements 

Figure 3 is a block diagram of the equipment set-up 

used to obtain the DC current-voltage characteristic curves 

of the device directly without the need to take point by 

point data. 

Figure 4 is an illustration of the output waveform of 

the Hewlett-Packard Model 202A Low Frequency Function Gener-

ator, which was used to provide a voltage sweep for the 

measurement system. 

The analog output (calibrated) of the Hewlett-Packard 

Model 412A DC vacuum Tube Voltmeter was used to drive the X 

channel of the Hewlett-Packard Model 7000A X-Y Recorder. 

The input impedance of the Model 412A voltmeter was 200 MD 

on all ranges used. 

The analog output (calibrated) of the Hewlett-Packard 

Model 425A DC Micro volt-Ammeter was used to drive the Y 

channel of the Model 7000A recorder. The input impedance 

of the Model 425A ammeter varied from 0.010 MD up to 1 MD, 

depending on the range being used. 
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V. EXPERIMENTAL RESULTS 

A. General Results 

A set of eight DC current-voltage characteristic curves 

were obtained for each of the devices listed in Table III. 

Each of the eight curves correspond to one of the eight 

possible device configurations which are listed in Table v. 

The devices were operated in the different configurations in 

order to determine if a certain configuration was necessary 

for them to exhibit the negative-resistance phenomenon. 

The plots drawn in this document differ from those made 

by the X-Y recorder only in that they do not show the small 

amount of jitter which was introduced by the X-Y recorder. 

The only device with which it was possible to obtain 

a reproducible negative-resistance phenomenon was device 16. 

That device only exhibited the phenomenon when it was 

operated in the A configuration, i.e., when half of the 

device, including the negative Ag contact, was masked to 

keep out visible light and the other half was exposed to 

visible light. Figure 5 is a plot of the DC current

voltage curves for device 16 operating in the A and the D 

configurations. 

Device 12 also exhibited the phenomenon when operated 

in the A configuration, however the phenomenon was not 

reproducible and was observed only a few times. It was 

· 2 t · the dark for at least 24 
necessary to let dev1ce 1 res 1n 

hours between measurements in order to observe the phenomenon 

on a semi-reproducible basis. 



CONFIGURATION 
TYPE 

A 

B 

c 

D 

E 

F 

G 

H 

TABLE V. Device Configurations 

RECTIFYING DEVICE ILLUMINATION 
CONTACT (Ag) In CONTACT Ag CONTACT 

POTENTIAL HALF HALF 

Negative Illuminated Dark 

Negative Illuminated Illuminated 

Negative Dark Illuminated 

Negative Dark Dark 

Positive Illuminated Dark 

Positive Illuminated Illuminated 

Positive Dark Illuminated 

Positive Dark Dark 

I'V 
I-' 
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Device 12 and device 16 were both fabricated from the 

same CdS single crystal (number 1-8331). The longitudinal

axis orientation and the method by which the ohmic contact 

was applied were the only differences between device 12 and 

device 16. None of the other devices exhibited the negative

resistance phenomenon, not even on a nonreproducible basis. 

In most cases, except those connected with the A con-

figuration, the curves plotted for device 16 operating in the 

different configurations are typical of the curves obtained 

for the devices which did not exhibit the phenomenon. 

B. Device 16 Results 

Figure 6 is a plot of the DC current-voltage curve for 

device 16 operating in the A configuration. Portion BC 

of the curve shows the negative-resistance phenomenon. That 

portion of the curve is a switching from the lower curve 

portion AB to the upper curve portion ACD which is character

istic of the curve obtained by voltage sweeping a current

controlled negative-resistance device in the forward direc-

tion. 

The shape of the negative-resistance portion of the 

curve could not be obtained for this device because of its 

high impedance (typically between 50 MD and 5000 MD). No 

attempt was made to measure the switching time for curve 

portion BC. 

In order to obtain curve portion ABC, it was necessary 

· h (1) allow the device 
to follow a series of steps wh2c are: 

d k f r at least three 
to rest short-circuited in the ar 0 
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minutes between current-voltage measurements~ (2) remove the 

short circuit~ (3) open the device holder's cover and (4) 

start the voltage sweep at zero potential. It was found 

that the sweep period must be between 40 and 100 seconds. 

The optimum sweep period was approximately 70 seconds. If 

the steps were not followed~ the device would operate on the 

25 

upper curve portion ACD~ i.e.~ give a curve similar to Figure 

7 in appearance. 

Figure 7 is a plot of the curve obtained by operating 

device 16 in the B configuration. The mask was removed for 

this measurement and the device was completely illuminated. 

The shape of this curve is typical of the shape of the 

curves obtained for the devices which did not switch, when 

they were operated in the A configuration. The hysteresis 

in this curve (and the other curves) is due to a difference 

in the excitation and decay times of the photo-current. 

Figure 8 is a plot of the curve obtained by operating 

device 16 in the c configuration. 

Figure 9 is a plot of the curve obtained by operating 

device 16 in the D configuration. This current-voltage 

measurement was made in complete darkness. 

l t of the same curve which is Figure 10 is a log-log p o 

plotted in Figure 6, i.e.~ device 16 operating in the A 

configuration. The slope of the curves show that the 

current varies as the 2.2 power of the voltage for both the 

upper and lower portions of the curve. 



~ 

Cll 
0... 
8 
rt:S 
0 
H 
u 

·r-1 
8 ........_, 

~ 
~ 
p:; 
:::> 
u 

20 

10 

RECTIFYING CONTACT NEGATIVE 

DEVICE COMPLETELY ILLUMINATED 

5 
VOLTAGE (volts) 

10 

Figure 7· current-Voltage curve for Device 16 
Operating in the B Configuration. 

26 



...-... 
[/} 

~ 
rtf 
0 
H 
{) 

·r-i s ....__... 

~ 
~ 
p:; 
:::::> u 

0.1 

0.05 

RECTIFYING CONTACT NEGATIVE 

MASK OVER OHMIC 
CONTACT HALF OF DEVICE 

27 

00~~~------~5----------~~----10 

VOLTAGE (volts) 

Figure 8. current-Voltage curve for Device 16 
operating in the c configuration. 



----... 
Ul 

~ 
ct1 
0 
>-l 
0 

·r-1 s ...._... 

~ 
~ 
:::> 
() 

0.01 

0.005 

RECTIFYING CONTACT NEGATIVE 

DARK 
MEASUREMENT 

5 
VOLTAGE (volts) 

10 

Figure g. Current-Voltage curve for Device 16 
Operating in the D Configuration. 

28 



~ 

m 
~ 
ro 
0 
~ 
u 
-~ 
E 
~ 

~ 
~ 
~ 
0 

RECTIFYING CONTACT NEGATIVE D 

MASK OVER RECTIFYING 
CONTACT HALF OF DEVICE 

I 
I 

I 

I 

I 
I 

I 

A 

I 
I 

I 

I 

I 
I 

I 

I 

VOLTAGE (volts) 

I 

~ 

' I 
I 

B 

Figure 10. Log-Current Log-Voltage curve for 
Device 16 Operating in the A Configuration. 

29 



30 

Figure 11 is a plot of the curve obtained by operating 

device 16 in the E configuration. The E configuration is the 

same as the A configurationJ with the exception that the 

device polarity is reversed. 

Figure 12 is a plot of the curve obtained by operating 

device 16 in the F configuration. The mask is removed for 

this current-voltage measurement and the device was complete

ly illuminated. 

Figure 13 is a plot of the curve obtained by operating 

device 16 in the G configuration. 

Figure 14 is a plot of the curve obtained by operating 

device 16 in the H configuration. This current-voltage 

measurement was made in complete darkness. 

Figure 15 is a log-log plot of the same curve which is 

plotted in Figure 11. The slope of the curve shows that the 

current varies as the 4.34 power of the voltage. 

Figure 16 is a plot of the curves obtained by operating 

device 16 in the A configuration at two different light 

intensities. 

C. Conclusions 

Both devices 12 and 16, which did exhibit the phenomenon. 

were fabricated from the same CdS single crystal. This 

crystal had a relatively high density of traps (compared to 

the other crystals used in the investigation) and its prop-

erties are listed in Table VI. 
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Table VI. Properties of CdS Single Crystal l-S331 

SPECTROGRAPHIC ANALYSIS OF IMPURITIES (parts per million) 

Silicon 
Copper 
Indium (maximum) 
Magnesium 
Calcium 
Zinc 

GRADE 

Ultra High Purity 

DOPING AGENT 

None 

RESISTIVITY 

1 - 10 ohm-em 

2.0 
1.2 
3.0 
0.15 
0.03 

440.0 

VJ 
-..:j 
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As explained on page 39~ traps play an important part 

in the phenomenon~ which would account for the reason device 

16 exhibited the phenomenon and other devices did not. 

Devices 17 and 18 were identical to device 16 with the excep

tion that the single crystal (number l-S331) became heated 

when the ohmic contact was applied. The heating annealed the 

single crystal~ thus lowering the relative trap density which 

explains why device 16 exhibited the phenomenon and devices 

17 and 18 did not. Device 12 was also annealed; however, 

it did exhibit the phenomenon on a nonreproducible basis. It 

seems that the trap density remained just large enough to 

allow the phenomenon to be observed only under ideal conditions. 

Figure 10 and Figure 15, when compared, show that the 

device is not bilateral. This was to be expected because of 

the rectifying contact. 

The combination of all the figures show that the device 

must be operated in the A configuration in order for it to 

exhibit the phenomenon. In other words, the correct polarity 

must be applied, the mask must be on the half of the device 

including the Ag contact, and the device must be illuminated. 



VI. POSSIBLE MECHANISMS 

Determining the mechanism which causes the phenomenon 

will probably require further investigation of the device. 

Some possible mechanisms are described in this section. 

The device is divided into an illuminated and a dark 

region. There is a high density of excess carriers in the 

illuminated region and a low density in the dark region if 

the applied voltage is small. The conductivity in the 

illuminated region is high because of the increased density 

of free carriers and also because the mobility is increased 

due to filled traps. By similar reasoning the conductivity 

in the dark region is very low. Excess carriers in the 

illuminated region tend to diffuse into the dark region but 

do not travel to the contact if the diffusion length is 

shorter than the length of the dark region. As an external 

voltage is applied~ more carriers drift into the dark region. 

These additional carriers tend to fill the traps. The mo

bility then increases and eventually the diffusion length 

extends to the dark contact. The effect is similar to 

't' (1) an 1'ncrease of carriers in posJ. J.ve feedback in that: 

the dark region causes (2) the mobility to increase by fill-

. ( ) 1.t possJ.'ble for more carriers 
J.ng the traps which 3 makes 

to move 
. the dark region, and so on. 

faster and further J.n 

This "regeneration" could give rise to the negative-resist-

ance portion of the current-voltage characteristic when the 

densl.'ty extends to the masked 
region of higher carrier 

contact. 
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Another explanation may be due to the fact that since 

trapping is present~ both carriers are mobile but only one 

carrier is replenished at the ends of the device and a bar

rier is probably present at the rectifying contact. As an 

external voltage is applied to the device, the electric 

field across the contact barrier will change. The barrier 

may be broken locally~ causing a sudden increase in the 

current due to the sudden participation of the other car

rier in the current flow. This would explain the negative

resistance region if the voltage needed to sustain the bar

rier breakdown is less than that needed to cause the break

down. 

The electric field is probably a very complicated 

function of the distance along the device. This is further 

complicated by the fact that the electric field distribution 

is constantly changing as the applied voltage is changed. 

Measurements to determine the electric field strength along 

the length of the device as a function of time, might be 

helpful in determining the mechanism. Such time varying 

measurements would be difficult to obtain because of the 

high resistance of the device. 
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VII. SUMMARY AND RECOMMENDATIONS 

A. Summary 

The most important findings to come out of the investi

gation can be summarized as follows: (1) the negative

resistance phenomenon was observed and a method was found 

to make the phenomenon reproducible, (2) it was found that 

the CdS single crystal must have a relatively high density 

of traps and therefore annealing the crystal should be 

avoided, (3) the device is not bilateral, (4) the device 

does not exhibit the phenomenon in the dark, (5) the device 

must be operated in one certain configuration in order for 

it to exhibit the phenomenon and (6) the period of the 

sweep voltage waveform must be kept between certain limits. 

B. Recommendations for Further Studies 

The investigation described in this document can be 

extended in many different ways. 

The most important extension would be the actual 

determination of the mechanism which causes the phenomenon. 

This would probably be a difficult problem and require many 

different measurements to be made on the CdS single crystal 

as well as the device itself. Parameters such as trap 

depth, mobilities, diffusion constants and diffusion lengths 

may be needed. 

t f different illumination £re
A study of the effec s o 

. . . . . ambient temperatures 
quencies, illum~nat~on ~ntens~t~es, 
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and crystal orientation may point toward some optimum 

operating conditions and a better understanding of the 

mechanism. 

An investigation could be performed to determine the 

optimum geometry so that the switching time could be mini

mized. The geometrical size of the device and the relative 

positions of the contacts could be optimized experimentally. 

The fact that the period of the sweep voltage wave

form must be kept within certain limits indicates that cer

tain lifetimes are a determining factor in the observation 

of the phenomenon. An investigation to relate the sweep 

voltage period to the lifetimes could be useful in under-

standing the phenomenon. 
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