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During the first six months work hes been progressing on five sspests of the

s2d zresearch.

. Somples Preorarsiions - Efforte vegarding ssmples prepavatios can be divided
> : preps

into two parts:

{a}

Crystal Growth - Two ZnSs growth rums were made, following a technique

elightly different from oune which we have previously wsed. The technigue
wtilized s sealed guariz tube with & low avgon pressure, low teuperatures

gradient, and a welatively low growth temperature. {ef. M. Tovems and

5

i~ F‘

. Sekiwa, "Finetics of the Vapor Phase growth of II-VI Compound Crystals.
%. Zine Selenide", Jap. Jovr. Appl. Phys., 8, 835 {July 1969.)

2

The resulting crystals were generally dark ved and grew as clusters of small

v}

evystallites. Wew growth runs ave planned which will weilize the original

Tufie pgrowth method.

Electroding - Two types of ele des and thelr corresponding technigques

have been emploved for coptacting Znde: (1) Alloved Indium Electrodes

{for Chmic contacte)~ prepared by etching samples in a bromime-methansol

solution, fellowad by alloying 99.5% In/0.5% Ca pellets at € 650°C. in an
hydrogen atmosphere, As reporied balow, according to the peint comtact
probe results, this deez lead to Ohmic contacts (provided the alleying tempera-

E ) - < &
ture iz < 650°C and heat iz applied for ~ 5 seconds; (2) Semi~Transparent

Evapovtated Gold Electrodes (for ba?zlef contacta)~ prepared in 2 vacuum

gysten by a conventional vacuum evap@tatian technique: a wmolybdenum boat was
< ~B @

heated in an atmosphere of pressure ~ 10 ~ tory. The thickness of the evap-

orated gold layer was monitored by & Tufts-bullt gquartz-crystal oscillator

thickness wonitor. This yielded semi-transparent layvers {visible trsnsmission

~ &0Z% for use in the time of flight mobility meassuvements.

2. Blectric Field Mapping~ Two types of prcbes for determining the electyic field d*aw

teibution in the samples have been wnder development::

{a}

Point Contact Probe - A {ivst-genevation shielded tungsten p@fﬂt contact probe

sgsembly 1z nearly complsted. Do measurs

fb

mants vere wade on a Tufts-grovn ZnSt

sample with two alloved indiun electredes. A bridge civevit with a Keithley
U 72 i

610k electrometer (lmpedance - 107 Q) a8 a owll Indiecator was used. The rve-

gsulte indicated that the indium alleying technigue employed led to Ohwic con-

tacts slnce the measursd potentisl distribution was limear. Shown in Figure 1
iz & diagram of the civeuitr vtilized for these potential measurements.
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for asngblishing the fessibility of this charge density messurement technigua.

[

- FPhcte~Hall Investigations -~ Hall seaplos havse besn prepered snd seesured fyem ZnSe

3

«m"@?aﬁs growas ab Tefts, 2t IBM, and 2t Bell Te 1@pn@mm'“@b@fat@%ia@® Additional

-

zawpleg zre praaently belag prepared from crystals grown at Wright-Patterson. The

repulis obtained 2t voom tempevaturs ave sumparized in Table 1.

IABLE £

Regults of Photo-Hall Investigantiocnz at Roow Tempevabure

Sabdw f Light Conditions intense Microscope ITliumipabtor Conditics
2 ._w-«_nWmm £ Lo '“”‘35 uaﬁ'wwww «é
Czystal LI S e } wiem T} L e a{em )
I~ ZoSe 20 4 10 - 1083 40 + 10 ~ 1084
(ImM-13
Bell Telephone-ZnSe {(Difficult to Measura) 20 + 10 ~ 10t2
T{BLY-2}
. . apbd
Tufts~ZusSe {Difficult to Mezsuwe} 200 + &0 ~ 10
{ILU~1}

iﬁli gemples were n~Lype at room temperatu N =Y

‘Shovn in Figure 2 iz a sketch of the circult used for the photo-Hall meapure~
meate, & redesign of the illumination system is presaatiy being worked upon, and vew

Hall samples of Wyighs Patteveorn C45 and ZaSe are being prapaved fer weagurenenta .

&, Characterization of Traps - Two techniguez (in addition to the photo-Hall metheod)

zre being exploved For .characteriziog the traps in our sawmples.

{a) Capacitance - Bias Voltage Yethod - fppavatus and samples are being prepared

to take advantage of the tvap-caused deviation from a linear 1/C2 versus bise

voltage curve predicted for a Schotlky barrier. {A. Coodman, "Metzl-Semiconducior
Barrier Belght Measurement by the Differentisl Capacitenca MﬂthﬁWGﬁQ Carwiar

ﬁ& sten”, Jouvr. Appl. Phys., 3&, 329 (1363)). Preliminery umaam"@mﬁnts on LDM

InSe sampies_iﬁdi@aﬁ@ that for low bulk veeistance, large barrie? capacitsnce

samples, this tachnigue cam delack @:aps with good sensitivity.

@

(b Thermally Stimulated Current Method ~ Apparatus has been rebuiif and is vndar—

going evaluaticn for utilising the thernally stimulated curvent method for chay—
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acterizing traps. The apparatus should be cepsble of cpavation in the teuperature

Time of Plisht Mobllity wa., Blactrlic Fleld Messuromentes

A considevablie effort har been devotaed o developing 2 system o messurz the
mobilltyv~elactric fiald characteristioe of the wide bend pap zeniconductors, wiillzds

2 short {half widih < 20 nanoseconds) light flash.

v

‘“3

fhe ghiclding and gain of the detecter cfreeit allev the detection of curvents
se smell ez 250 pencawperes end ss shor® az 20 nevossconds. (The nime wesolution im
limived by the use of 2 50 wlz, oselllozcops, which, in turn, is reguired bacause of
the amplicude jitter sssoclated with the light f£issh; otherwise an avallable
Tokeronls 564 sappiing oscilloscope could be used.)

The messurement techoigue is bassd upon the prineciple that o shor: snough light
flash (short compared to such times as trensit, dislectric relexstiocs, cavvley life,
and diffusivo-cimen) would photoezeites sparially navvew "sheet” of hole-electron
paivs. The “sheet” would rapidly separate. The holes would be vemoved at e
negatively bisved semi-transparent alectivode. The electrons {or holes) da turn
would deifs in the direction of the other @é@ck?@ﬁug hiazed @u@&tivaiyw For a
uniforn aslactric flald, the drifiing slectvons will csuse a steady current o flow
until the slectron “sheet" arvives at the pesitive elecivede. Af that time there
should be an sbrupt cessatlon of current fiow. (The roles of the holes and slectrons

-

veveves when the positively bilased electivods is photoexcitad.)

& mumber of ZoSe sanples from Tulis-groun crystale, and o few serples from a
Wright~-Patterson crystal have boen mesgured with this technigue. Shown in Figuze 3
ie & shetch of the response of s typical Tufte-grown comple. Simllar vesulis have

besn obtained wirzh the Wolight-Fatterpon semples, although the decay time iz longey.

The curvent decay during transit wight be caused by: (&) shors Iifetimss:

(b} ovoauwdform elestric field; {o} spacs-charge relamation; {4} trapping effoctsy
andfer {e) datection civcult responue. These poasibilizles ars all being checked out

and, edditionally, samples of CdS ave also being prepared for thiz expeviment.
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g ~ Progress is being wade in five aveas towards betier understending of
praviously cheevved snomalous high elesetzic field effects dn wide geap semi~
conductors. This includes: (3} samples prepaverions; (2} elactzic £ield mapping:

{3} photo-Hall investigations; (4} traps charecterizabious; end (5} time-of-

i

light mobllity weasuremerts. A& majer emphesis will continuz o be Lo obiein a

&

tims of £iight mobility-electric f£ield velationshin gnd to corvelszte the results
with other studies. The praperation of additvionzl ssmples and lmpyowved gpparstus

are the stepz that will be takewn o obtalc wors information from ¢his exveriment.
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