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Devices
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Abstract ing from a dynamic space charge induced increase in

. . . the device “on” capacitance over the physically ex-
Simulation of dynamic phosphor space Char%%cted value

in alternating-current thin-film electroluminescent _
(ACTFEL) devices is performed using SPICE equiv- Much of the current resear'ch aimed at_develop-
alent circuit models. Two SPICE equivalent cifhent of a full-color ACTFEL display panel is based

cuits are developed:; one for the case of space chaﬁ’géhe use of SrS:Ce as _the electroluminescent p.hos-
creation via impact ionization and another for fielBnOr- Research is focusing on SrS:Ce as a candidate
emission. Both SPICE equivalent circuits are basBf0SPhor for color electroluminescent applications
on modeling the space charge distribution as a sin§fFause blue/green étmg samples of high bright-
sheet of charge. Simulation results show that bdtgSS and efficiency have been demonstrated. How-
SPICE equivalent circuits are capable of generatifiye"» one of the major drawbacks of using SrS:Ce

electrical characteristics exhibiting capacitance ové® @ Phosphor for production displays is that it often
shoot. exhibits a much larger “on” capacitance than would

be expected from the physical capacitances of the in-
] sulating layers [3]. Since larger device capacitance
Introduction means greater power consumption, a full-color dis-

The increased interest in alternating-current thiRlay based on the SrS:Ce phosphor will potentially

film electroluminescent (ACTFEL) phosphor mat&onsume substantially more power than a similarly
rials and deposition techniques other than the tragizéd monochrome display.

tional evaporated ZnS:Mn phosphor has turned theThe larger than expected “on” capacitance of
issue of phosphor space charge from a novelty $30S:Ce devices seems to be a byproduct of space
a very relevant topic. With evaporated ZnS:Maoharge generation in the phosphor layer of the de-
ACTFEL devices traditionally used for monochromeice [3]. It should be noted that throughout the re-
electroluminescent displays, there is very little evinainder of this article, space charge generation in the
dence for the existence of dynamic phosphor spag®sphor layer is termed dynamic space charge be-
charge (space charge creation and annihilation in taise of its time dependent nature. Several published
phosphor layer during device operation). Howeveatticles have demonstrated simulation results link-
in phosphors such as atomic layer epitaxy (ALH)g dynamic space charge to anomalous electrical ef-
deposited ZnS:Mn [1,2] and SrS:Ce [3,4], there fscts such as capacitance overshoot [5,6,7,8]. How-
significant evidence suggesting that dynamic spameer, since the previous work involving simulation of
charge plays a major role in determining the opemdynamic space charge effects was performed using
tion of these devices. One of the major issues in @evice physics based models and custom program-
lation to the space charge effect seen in these devioesg, they are not amenable to simulation of fin-
is an apparent increased power consumption resighed products, such as panels which contain many
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devices. An improved method for simulation of se
eral devices is SPICE in which it is fairly painles
to add additional devices once the first device wor

properly. Therefore, the purpose of the work di 2
scribed herein is the translation of the device phys P
based models that include dynamic space charge Tgelvpy)
a SPICE platform to demonstrate capacitance ovC g, leak,
shoot with SPICE. T2 m) Vi 1('p2)<+>'2('p1)<*>
_ Toclvpy) -
Dynamic space charge SPICE models Cpy Jeak
I o)
The SPICE equivalent circuit models of dynami 1 om ¢

space charge are analogs of the single sheet ch
dynamic space charge models presented in [5]. T Cy
single sheet charge model is chosen as a start
point for the development of SPICE equivalent ci
cuits because its simple nature makes it amenable ITO
SPICE modeling. As discussed in [5], space chargy 1. Field emission SPICE equivalent circuit.
generation in the phosphor is attributed to two dif-
ferent mechanisms, field emission and impactioniza-
tion. Since the physical nature of these two process@sh of the current sources is active for only one po-
of creating dynamic space charge are quite differelaity of the relevant phosphor field.
it is necessary to generate an equivalent circuit forWhen it is assumed that dynamic space charge is
both cases. due to impact ionization (either impact ionization
If it is assumed that dynamic space charge is duedxbtraps or trapping of holes generated by band-to-
field emission of carriers from bulk traps in the phoand impact ionization), the circuit of Fig. 2 applies.
phor, the equivalent circuit model of Fig. 1 is the relFhe only difference between the equivalent circuits
evant SPICE model. Several clarifications need to $lzown in Figs. 1 and 2 are the circuit branches repre-
made with regard to the field emission SPICE equisenting the creation of space charge. In the circuit of
alent circuit shown in Fig. 1. First, the capacitorsig. 2, it is seen that the circuit branches represent-
c,1 and G represent the phosphor capacitance 0 space charge generation are now composed of a
the portion of the phosphor layer lying on either sid®irrent source that mirrors the carrier emission from
of the assumed location of the space charge layge interface in series with an amplifier whose gain
The difference in the values of these two capacitogssdependent on the voltages across each portion of
determines the amount of asymmetry in the electiite phosphor. This modification is required because
cal characteristics. Next, the current sourcgs,,}) impact ionization is dependent on both the number
and J(v,1) represent the emission of carriers fromf carriers arising from normal interface conduction
the semiconductor-insulator interfaces of the AC@nd the field in the phosphor, whereas field emission
FEL device. Then, the current sourceg\,;) and is dependent solely on the phosphor field.
Jc(Vp2) represent the emission of carriers from the Several additional comments need to be made re-
bulk phosphor sheet charge layer. Finally, the curregdarding the equivalent circuits of Figs. 1 and 2. First,
sources '92k(v,;) and Jak (v,,) represent the anni-for simulation of these circuit, the interface current
hilation of space charge by the trapping of interfacis-generally modeled as a discrete Dirac well of user-
emitted carriers. Due to the dependence of thedfinable depth, as in [9]. Finally, it should be noted
currents on the polarity of the applied voltage pulsihat it is possible to include carrier multiplication by
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source that is the source of the carriers that are s 50 100 150 200
sequently multiplied. The gain of these amplifiers VOLTAGE (VOLTS)

defined similar to the amplifiers in the impact ioniza-. . : .
tion model of Fig. 2 in that they are dependentont?nzég' 4. C-V plot resulting from simulation of the

voltage across each portion of the phosphor Iayer.ImpaCt lonization SPICE equivalent circuit.

on the phosphor field.

Another interesting feature of these results is seen
The results of simulation of the SPICE equivdahrough comparison of the turn-on voltages of the de-
lent circuits of Figs. 1 and 2 are shown in theices shown in Figs. 3 and 4. The device of Fig.
capacitance-voltage (C-V) plots of Figs. 3 and 4, r8-turns on at about 140 volts, whereas the device of
spectively.  The results of both simulations shofig. 4 turns on at about 40 volts. Generally ACTFEL
that capacitances in excess of the expected insulatevices of typical phosphor thicknesses5p0nm)
capacitance (or “on” capacitance) can be generatach on at or above 100 volts. Note that the C-V
using the equivalent circuit models shown in Figs.curve of Fig. 3 shows a realistic turn-on voltage,
and 2. As seen in Figs. 1 and 2, there is a muealnereas the C-V curve of Fig. 4 shows a very low
larger overshoot in the case of impact ionizatioturn-on voltage. This difference in turn-on voltage
This seems to be a general trend; it is possible to pasises from differences in how the leakage charge is
duce much greater overshoot for the same phosphmrdeled in these two devices. Leakage charge is
trap densities with impact ionizatiorebause of the the charge which flows during the interpulse inter-
extremely strong dependence of the ionization ratal (i.e. when the applied voltage is zero) and arises

Results
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furthermore, most of these simulation approaches are
not SPICE-implementable. Leakage charge model-
ing is a topic of ongoing research in our research

group.

Conclusions

The SPICE models presented herein give results
that exhibit C-V overshoot. Two models of space
charge generation are required to model space charge
depending on whether space charge creation pro-
ceeds via impact ionization or field emission. Ini-
tial attempts to model turn-on voltage/leakage charge
trends have been attempted, but further work is re-
quired to accomplish accurate simulation of these
trends. Once this is accomplished, such models may
lead to a better way to estimate the power consump-
tion of an ACTFEL panel.
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