APPLIED PHYSICS LETTERS VOLUME 80, NUMBER 18 6 MAY 2002

Estimation of the impact of electrostatic discharge on density of states
in hydrogenated amorphous silicon thin-film transistors
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The objective of this letter is to give an estimation of the impact of an electrostatic discESDe

stress on the density of statd309 within the energy gap of hydrogenated amorphous silicon
(a-Si:H) thin-film transistors. ESD stresses were applied by means of a transmission line model
tester. The DOS in tha-Si:H was determined by Suzuki's algorithm using field-effect conductance
measurements. A comparison of stressed and unstressed devices shows that there is a threshold ESD
stress voltage, below which there is no damage. Above the threshold stress level, first an increase of
the deep gap states is found and when stress is increased further, also in the tail stagg2 ©
American Institute of Physics[DOI: 10.1063/1.1476394

The hydrogenated amorphous silicom-8i:H) based range from 150 to 400 ¥.Transfer characteristics are moni-
thin-film transistor(TFT) is the dominant switching element tored before and after applying each ESD stress pulse. From
in active matrix liquid crystal displays. As such, it is often each transfer characteristic, electrical parameters like thresh-
subjected to an electrostatic dischareSD) stress. The old voltage and subthreshold slope are extracted. The main
worst effect of the ESD stress is a catastrophic breakdowrexperimental results will be described only qualitatively. Af-
but it also can produce a “soft” prebreakdown degradation;g, applying an ESD stress higher than a certain “threshold
of the electrical characteristics. In_ this letter, the impact of¢ degradation” 130 V), the threshold voltage starts to
the ESD stress on the gap density of stal@®S) of the  jacrease and the subthreshold slope starts to increase. A
a-Si:H TFT's is investigated. A field-effect based method formore detailed description of the experimental results can be

DOS determination, developed on the b§5|s Of_ a SO'Ca”efiound in Ref. 2. The question is whether the origin of this
incremental formula for sheet resistance, is applied to calcus

late the DOS in the upper part of the band gap before anggterlorat|on of the trangfer .characterlsncs is due to'the'cre—
after ESD stress. atIOI’l.OT the gap states u_a-Sl or QUe to charge_: trapping in
The TFT's are grown in a standard plasma enhance(rlhe nitride. To answer this question, the density of band-gap

chemical vapor deposition system using amorphous silicogtates in the amorphous silicon is estimated from measured

nitride as a gate insulator. The device has a top-gate stadf@nsfer characteristics. _ .
An analytical method, which correlates the DOS within

gered configuration. The intrinsig-Si:H channel is 80 nm
thick and the thickness of the silicon nitride layer is 350 nm.the energy band gap and field-effect conductivity measure-
Samp|es with a Variety of channel WldthWF 4_100Mm) ments, was first proposed in the 197b’§ince then, the

and lengths I =4—100xm) were measured and give con- method has been enhanced by many autfidtsPowell
sistent results. In order to apply ESD stresses, a transmissi@®ve an overview of different variations of this method, and
line model (TLM) setup is usedas shown in Fig. 1 In  a discussion of the approximations introduced in them, such
contrast to the usual way of using a TLM system, due to theas constant space-charge density and zero-temperature statis-
high resistivity of TFT's, the TLM ESD stress is a voltage tics. It was shown that from field-effect conductance mea-
stress instead of a current stress. We have used transmissisirements only the broad features of the DOS can be deter-
line lengths in the range from 30 to 100 m, giving ESD mined and a unique DOS is not identifiable. Later'®i,
pulses with durations ranging from 300 nsx4. The stress  \was shown by Fortunatet al. that a class of methods called

pulse was applied on the drain, while the source and the gatgyproximate methods of directly extracting the DéSre-
were groundedi.e., the common grounded gate configura-

tion of a ESD protection device was testedhe positive

stress voltage was stepped from 10 V up to breakdown. Transmission Optical
Negative voltages were not considered as some initial ex- 100Mq Line (L=30-100m) Microscope
perimental results showed no difference between positiveHigh N T \g ;S \
ar_1d negative stress voltage. The breakdown voltage _varie.\/onag JLT 50Q[] cT2 ¥ DUT G . +
with both the stress duration and the channel length in theSource Voltade

— probe]

illo-
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lands. FIG. 1. TLM experimental setup.
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tain a reasonable degree of accuracy. In this letter, Suzuki's 19
method is useld for an estimation of the DOS. The method - 1073 —m—Vq y=+25V, 500ns
will be described just briefly. An approximation of the rela- 3 —o—Vym=+420V, 500ns
tion between the gap statBgE) and the band bending(x) ) 18
is obtained using zero-temperature statistics and starting g 1074
from the Poisson’s equation g
e & du 2 8 17 »
_ N 10 o
N(EF+QU)—§W ax X_J : oy 5 \
2

wherex is the depth in the bulk of amorphous silicanjs @ 101 \ —
dielectric constant of amorphous silican, is surface poten- 3 i -/‘r'

tial in the amorphous siliconEg is Fermi level, andg is

R S 000 008 016 024 032 040
elementary electron charge. The electric field is given by

EF+E [eV]
du diel Vdiel €diel Vo~ ViB _
& = de = d— 2 FIG. 2. DOS in the upper band gap calculated before and after ESD stress-
x=0 € Udiel € diel ing (positive voltage on the draiVy =25V and 500 ns, and/yy

. . . =420V and 500 ns
where e 4| represents the dielectric constant of the gate in-

sulator andd g is its thickness. The voltage across the gate

dielectric Vg4, is expressed by the gate voltayg and the was defined as the gate voltage at which the onset of the
flat band voltage/rg. Substituting Eq(2) into Eq. (1), the field-effect conductance occutsas we assume that current
gap density of states can be calculated if the relation betweegpnduction occurs in the very shallow layer at the amorphous
the gate voltage and the surface potential in the semiconduéilicon/silicon nitride interface. The flat band voltage at the
tor is known. This relation is obtained from the measurednterface is by definition the difference between metal work

sheet conductand®= (Ips/Vps) (1W/L) function (gate and amorphous silicon work function in case
when the energy bands further in the system are flat. How-
9G— Gy i%{ [{Q_Us) —1}qau 3) ever, it is known from the defect pool model that energy
q%(Vg— Vep) £4iel d kT s bands deep in the amorphous silicon are nevef fGonse-

quently, the “flat band voltage” at the interface is here de-
fined as the difference between metal work functigate
and amorphous silicon work function under the condition

that the surface potential is equal to zero. If the surface po-
later compared with the DOS from the Silvaco’s input file. In P d P

. . ~ _ tential is equal to zero, there are no surface charges and
this way, the translation from DOS to transfer characteristics, nsequently the field-effect conductance is also equal to
and thg approxmated. reverse process can be com.pareéjgrol When the gate voltage exceeds the flat band voltage,
From this comparison, it is concluded that this method yIGIdSthe surface potential increases, which means that current
a correct result for the tail states but not for the deep state '

In oth q DOS ¢ b tracted f Tonduction sets in. In TFT’s with silicon nitride as gate di-
N gther words, some parameters can be extracte ro.g]ectric, the flat band voltage is negative assuming that there
the calculated curve, such as the slope of the tail states di

L . % no presence of fixed charges.
tribution, the DOS at the conduction band edge and the po- In Fig. 2, the calculated DOS after an initial TLM pulse

sition of the tail states peak. However, the deep states COMnd the calculated DOS after a series of stepped 500 ns TLM

centration is underestlmz_ited: Th_e reason for that is that g < pulse up to 420 V is plotted. Figure 2 shows the in-
zero-temperature approximation is used for the local space-

charge density giving an error in the DOS around Fermi
level, which is near the deep states. Zero-temperature ap-
proximation assumes that all DOS states are charged, and=
that is not the case for work at the finite temperature. The 3 10" | —v— after stress |, 240V
actual number of states is bigger than the number of charged < —a— after annealing
states, which is extracted from the transfer characteristic. An- —e— after stress Il, 240V
other difficulty with field-effect based DOS calculations is :
that for calculating the DOS over the band gap, below, and
above Fermi level, one must have bopichannel and
n-channel datd® The problem is also that the range of ener-
gies within which the DOS is calculated is normally much
smaller then the energy gap itself. In spite of these uncertain-
ties, the model appears to be useful for a rough DOS estima-
tion, especially if only a comparison of DOS before and after
stressing is needed.

The calculation Of_ the DOS f.r(.)m field-effect conduc- FIG. 3. DOS calculated in order to show the effect of annealing on the states
tance measurements is very sensitive to the value of the flafeated due to moderate ESD strépesitive voltage on the draily,

band voltage. In our letter, the flat band voltage at the surface 240 Vv and 500 ns
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This method can be validated in an original way by using
Silvaco numerical simulatdt as a reference: It is applied on
a Silvaco’s simulated transfer characteristic and the result i
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crease in the density of deep gap states and tail states in tlodd level for deep states generation is lower than the thresh-
upper part of the band gap after an ESD stress pulse on thad for tail states. The states created due to ESD stress could
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