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Hot electron luminescence experiments are performed on ZnS alternating-current thin-film
electroluminescent (ACTFEL) devices in order to determine the extent to which the electron
distribution is heated. The luminescence spectrum is found to be broad and essentially
featureless up to a high energy cutoff of approximately 3.7 eV, which is determined by optical
absorption within the ZnS. This result indicates that under normal operating conditions in a ZnS
ACTFEL device, a significant fraction of the electrons transported across the phosphor possess
energies equal to or in excess of the ZnS band gap.

Electron transport in alternating-current thin-film-1l(Q-, )
electroluminescent (ACTFEL) devices is the source of Ep= d'- V-,e,1)
some controversy. One point of view"' 2 contends from
Monte Carlo calculations and vacuum emission measure- where dp is the phosphor thickness, V,, is the external
ments that electrons travel ballistically through the voltage, Q,, is the charge on a large sense capacitor
ACTFEL device and reach exceedingly high energies. (Sawyer-Tower configuration), and C, is the total insula-

Other workers have concluded from Monte Carlo calcula- tor capacitance. Note that Eq. ( 1 ) assumes that there is no

tions3"4 and lucky-drift modeling5 that the average energy space charge within the phosphor so that the electric field

of the electron distribution is approximately 1-2 eV with is constant across the phosphor layer. The hot electron

high energy tails out to perhaps 3-4 eV for phosphor fields luminescence is measured at three phosphor fields: Ep
at which ACTFEL devices typically operate (z 1.5-2.0 = 1.2, 1.4, and 1.6 MV/cm. The largest phosphor field is

MV/cm). the nc .nal clamping field, whereas the two smaller phos-

The purpose of this letter is to report the results of a phor fields are obtained using the field-control circuit

study of hot electron luminescence in doped and undoped shown in Fig. 1. The central idea behind the field-control

ZnS ACTFEL devices. Similar measurements to those dis- circuit is to force the phosphor electric field to a constant

cussed herein were reported previously 6 using ZnS value. This is accomplished by first rearranging Eq. (1 ) as

Schottky diodes subjected to dc bias. The hot electron lu- follows:

minescence spectrum observed under dc bias was inter- CQt, d C,)
preted 6 as originating from hot electron radiative recombi- Ve.t=_' • I ---=E , (2)

nation within the conduction band; we assume that our ac

hot electron luminescent spectrum arises from the same where the following relation is used,
physical process. Q(t ) Cst Vst (3)

The ACTFEL devices used in this work are fabricated
by evaporation in the typical stack configuration where the
phosphor layer, ZnS, is sandwiched between silicon oxyni-

311 LOhm, high

tride (SiON) insulators and aluminum and indium tin ox- nag iAm- h ,er
ide (ITO) electrodes. The measurement is performed on wXri,,m ,k,) S1 0'Generator ••VL-

doped and undoped ACTFEL devices. SOOhm,

The hot electron luminescence experiment consists of I k,)hm
driving an ACTFEL device with a bipolar voltage wave- -.

form and monitoring the luminescence spectrum. The de- 1- km ACT FL

vice is driven with alternating pulses with a voltage of A,
approximately 20 V above the threshold for the onset of -

conduction at a frequency of 100 Hz. The phosphor elec- I NVX, oItage' • - I ko hm I kohm "•

tric field during conduction is calculated as suphl, I ihm i s<',,•
,,,, Capaicor

"Present address: Planar Systems, Inc.. Beaverton. OR 97006. FIG. I. Field-control circuit.
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broad and rather structureless out to energies approaching A second implication of the work reported herein is

3.7 eV, the band gap of ZnS. that the achievement of efficient blue ACTFEL devices
The hot electron luminescence spectrum arises from should not be impeded by the transport properties, if ZnS

the radiative transition of energetic electrons within the is employed as the host phosphor.
7nS ,ondkhction band' ..nd, '-rbrc, rcs *4atcd to the h%t Finally, it should be noted that although all of the data

electron distribution. Thus, we conclude that a significant shown in this letter are for undoped samples. the high
fraction of the hot electrons transiting the ZnS possess energy portion of the hot electron luminescence spectrum
kinetic energies near to, and most likely in excess of, the is identical for Mn-doped samples, to within the accuracy
3.7 eV band gap of ZnS. Moreover, although the intensity of the experiment. Thus, the Mn luminescent impurities do
of the hot electron luminescence scales with the magnitude not significantly cool the electron distribution. This result
of the applied field, as indicated in Fig. 3, the shape of the is consistent with the Monte Carlo simulation" of Bhatta-
hot electron luminescence spectrum is relatively indepen- charyya et al., who found the Mn impact excitation scat-

dent of field. In particular, the high energy tail extends out tering rate to be several orders of magnitude smaller than
to 3.7 eV for all of the fields investigated. This implies that that of polar optical phonon or intervalley scattering.
for any field large enough to cause significant tunnel emis- In conclusion, the hot electron luminescence spectrum
sion from interfaces states, a substantial number of the is measured for an ACTFEI. device in which the ZnS is
emitted electrons will reach at least band-gap energies. We grown by evaporation. The luminescence spectrum is
cannot infet anything about the hot electron distribution broad and featureless and is cut off at the ZnS band gap

for energies in excess of 3.7 eV since these energies are due to optical absorption. This result provides evidence
inaccessible to this experiment, that a substantial fraction of the electrons transiting the

Further attempts were made to optically measure the ACTFEL device have energies near to or in excess of the
high energy tail of the electron emission. A sample was ZnS band gap.
broken and edge emission monitored The edc, emission We wish to thank Kon Knormaet of Planar Systems
spcctrum contains the same 3.7 eV cutoff as before. This for providing samples. This work was supported by the
implies that the intensity of edge-emitted, high energy pho- U.S. Army Research Office under Contract Dl 1L03-
tons is so low that they are completely undetectable. 91G0242 and the U.S. Army LABCOM under Contract

One implication of the high energy of the electron dis- DAALOI-89-C-0927 as administered by GEO Centers,
tribution inferred from the hot electron luminescence ex- Inc.
periment is that it now seems possible that band to band
impact ionization occurs in these devices. The threshold 'R. Mach and G. 0. Muller. J. Cryst. Growth 101. 967 (1990)
energy for impact ionization, Eth, is given by, 7  2H. J. Fitting, G_ 0. Multer. R. Mach. G. U Reinsperger. T

Hingst, and E. Schreiber. Phys. Status Solidi A 121. 305 (1990).
'K. Brennan, J. Appl. Phys. 64, 4024 (1988).

2m(+ mh 4 K. Bhattacharvya, S. M. Goodnick, and J. F. Wager. Electrolumine-

t m + mh cence. edited by V. P. Singh and J. C. McClure. (Cinco Puntos, El Paso.
TX. 1992). p. 54.

5E. Bringuier. J. Appl. Phys. 70. 4505 (1991).
where8 me=O.34mo is the electron effective mass, n, 'N. E. Rigby and J. W. Allen. J. Phys. C 21, 3483 (1988)
= 1.76m 0 is the heavy-hole effective mass, and E,= 3.7 eV 7 C. M. Wolfe. N. Holonyak, Jr._ and G. E. Stillman. Physical Properties

is the band gap. This results in Eth of approximately 4.3 eV. of Semiconductors (Prentice Hall, Englewood Cliffs. NJ. 1989). p 219.
Extrapolation of Fig. 3 suggests that band to band impact 'Landolh-Bornsiein. New Series (Springer. Berlin. 1987). Vol. 22. pp.

167-168.
ionization would likely occur in ZnS ACTFEL devices un- 'K. Bhattacharyya. S. M. Goodnick. and J. F. Wager. I. Appl. Phys. 73.
der normal operating conditions. 3390 (1993).
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