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Device Degradation Due to Band-to-Band Tunneling

Ilideyuki Matsuoka, yasuo lgura and Eiji Takeda

Central Research Laboratory, Hitachi Ltd.

Kokubrrnj i, Tokyo 196, Japan

A new devioe degradation due to trand-to-bancl tunneling is investigated. rnn-chaunel MoSFIiTs, holes created by band." [o.banrl tunnel ing g:ain energ:y f romthe electric field in the tlrain region to surmount the si-aio2 barrier andthey are iniected irtto the gate oxide. These 1rappe<t holes decrease the MoSthreshold voltaS:e and increase the transconcluctanco, whioh is opposite to thede8radation caused by the convent,ional ' hot' carrier ef fect. A simple rnodelwhich explains this oarrier iniect ion is proposed. Experirnental results arefound to verify this model.

1. fntrodust ion

fn scaled MOSFETs with very thin oxide,
the tunnel leakage current in g:ate-drain
overlapped region creates serious protrlems

and may beoome a lirnitlng factor in MOS <te-

viceminiaturization ttI IZJ tgl.

FiS. t Mechanism of band-to-band tunnel ing

Figure 1 shows the mechanism of band-
to-band tunnel ing in the gate-drain over-
lapped reg:ion in n-channel MOSFETs. When

the band bending is larger than the energ.y
gap of Si, and the eleotric field at the Si-
SiOZ interface is strong enough, an electron
oan tunnel fron the valenoe band to the con-
duct ion trand, creat ing an el.ectron-hole
pair. The carriers creatert by tranrl-to-banrl

s-iltB-11

tunneling: clo not have enoug:h energ:y to sur_
mount the Si-SiOZ barrier and have been
thought not to affeot the device
oharaoteristics. However, this study has
proved this consideration to be insufficient
an<l found that suoh carriers actually cause
device deg:radat ion

This paper studies such device de-
gradat ion, part icul arly from the viewpoint
of devioe rel iabi I ity. Device degradat ion
are discrrssed for both n- and p-channel MOS_

FETs with s ingle drain structure. A new

node of device degradat ion is found, and a
simple model which well explains the ex-
perimental results is proposed.

2, Experimental results. in n-channef MOS-

FETs

The time dependence of the drain leak-
age current Im and the tunnel threshold
volt aSe Vprt of n-channel MOSFET under two

different stress condit ions are shown in
Fig.2. Tunnel threshold voltage is defined
as the drain volta8le Vp at which I14 ls O. 01

pA/P n when VglA = VG = O V. Figqre 2 in-
dicat,es the increase of V2nt ancl deorease of
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I l.rl , which inpl ies the hole trapping: in the

g:ate ox ide. Thi s ho I e trapp ing increases

the electrio potential of the glat'e electrode
an<l clecreases the ef f ect ive vo I tage d i f f er-
ence between the drain and the elate.

T9;= lSnm

W=l00Fm

ro' rd 103

STRESS TIME ( sec )

vtt.t in n-Fig.2 Time dependence of 116 an<l

channel MOSFET

3. Model and Discussion
Tn Fi8rure 4, the shift of the tunnel

t,hresholti voltage lVtnt is plotted against
the total electric charge A created by the

hand-to-band tunnel ing phenomenon. Though

IrD l'G is kept constant, Atltht strongly de-

pends on Vp. This means that the electric
field parallel to the Si-SiOZ interface de-

terrni nes the extent of the deg:radat ion.
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This hole trapping also affects the

characterist ics of MOS c.hannel negion. The

time dependence of the shif t of ltr().S thres-
ho I rf vo I tag:e A V tht and t ranscon<lttot ance

chanse A Gm/Gm are shown in Fig. fl. Vtt{
deoreases and Gn increases, whioh is ex-

pected from the hole trapping. This de-

g:radation is opposite to that caused by the

'hot' carrier effect previously reported

I+l tFI.
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FiF.S Time dependence of lrtnT an<l G, in n-
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Fig.5 illeehanism of hole
gate oxide

inject ion into the
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Baserl on ttris data, a simple model clf



the hole inject ion into the gate oxf rJe has
been proposerl ( see F.iF. 6 ). The motle I i s
described below.

1)Ihte to the band-to.-hand tunnel inf pheno_

rnenor} electron-hole pairs are created in
the gate-drain overlapped region.

2)The electrons are swept away to the draln
eleotrode and the holes travel along: the
Si-SiOZ interface towards the junet ion
edge. Some of the oreated holes move

wi thorrt suf f er ing any col I i s ion and obtain
enoug:h energy to surnount the Si_SiO? bar_
rier.

3)As a result of elastic scattering:, suoh
holes are injected into the gate oxide and

cause devioe deg:radat ion

Em ( V/ m )
.107

9B
T9, = l5 nm

W= l00pm

--._.t

l/Em(m/V)

Fig. O log ( AVtnt ) is plotted
in n-channel MOSFET

1.3
.10-8

against I./En

Hereafter, this model is treated an_

alytically and verified quantitatively. The

distance t that a hole must travel in the
oonstant electric field E to obtain enough
energy to surmount the Si.-SiO2 barrier is
expressed as

l,:Qo/lV, (Eq. 1)
where A t is the Si-SiO2 barrier height. Lf
we take the maximrm electric f ield En f or E,

_-2s

the probabi I ity of a hole travelIing' L

wl thout col I ision is Sf iven as

P(l,l c eop(-O b ,/ qI Eml , (Eq. 2)
where t is the mean free path of the hole.
Sinee the amount of inJected holes e7 is
Siven by

Q1 c P(t)O ' (Eq. S)
zvtht is written as

lVtht -Q, /Coa
G eel' (_a o / qlBml, (8e.4)

where Co* is the capacitance of the g:ate_

drain overlapped region.
rn Fiel. 6, log ( avtntl at 0 = bx 1g-4

(C) is plotted against I,/Em. The data fall
in a straight I ine and support our model as
expressed by Eq. 4. fn calcul ating En , a B_

D device simulator ,CADDETHI6], was

ernployed. From Fig:. 6, the mean free path of
a hole can be calculated to be gnrn This
value ag:rees wel I with the previously re_
ported value of 4. 6nm [ ? J .

4, Device deg:radation for p-channel MOSFETs

In thls seotlon, the results for p_

channe l MOSFETs are B:iven. fn Fig:. ?, the
time dependence of Vtnt and Ifa is shown.

Contrary to the case of n-channel I{OSFETs,

electrons are injeoted into the oxide and

the electri.c potential of the g:ate electrode
decreases. Therefore both Vtnt and I16 de-
orease.
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Irig. 7 Tirne dependence of .I 1q and Vtnt in p_

channel MOSFETs
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The sane arguement d i scttssed f or o:
channel MOSFETs can also be appl iecl to the

p-ehannel case and the mean free path of an

eleotron is calculated to be lOnn This

value is sl ightly larg:er than that of the

hole and ag:rees wel I with the previously

reported data of 6. 2nm t. 11. The val irtity
of the mocle I is ver i f ied by the f act that
the mean.free path of an electron and a hole

obtained f rom orrr model are consistent with
the previous values.

whi ch is oppos ite to the degradat ion
caused by the 'hot' carrier effect.

(3)The injection model was proposed and ver-
if ied qtrant itat ively.

In add i t, i.on to the ' hot' carrier ef -
fect, the hand-to-band tunnel ing must be

taken into oons iderat ion in deve loping:

scaled MOSFETs. To elirninate this degrada-

ticln mode, it is necessary to reduce the

maximttm eleotric field, as is seen from

Eq. 4. fn thi s seDSo, redrrced suppl ied vol t-
age is very effective.
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5. Conclusion

Device degradation due to band-to-band

tunneling was studied. The following facts
were obtained.
(1)The carriers created by band-to-band tun-

nel ing oan be' injected into the Tate oX=

ide. Holes are injeoted in n-channel

MOSFETs, while electrons are injected in
p-ohannel MOSFETS. They cause shift in
tunnel threshold voltagi'e.

(2)Injeotecl oarriers hring about a new mode

of device degraclation i.n n-channel MOS-

F'ET. Namely, the [dOS threshold vol tage

<tecreases and transcetnductance increases,
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