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and. stored in the floating gate or at the insulator-oxide
MIOS device, The stored charge gives rise to a threshold
the device is st a higher-threshold voltage state. For a
mory device, the charge retention time can be over 100
the stored charge and retorn the device to a “lower-
state,” a pate voltage or other menns (such as ulteaviolet

similar size. The on-resistance, which is proportional 10 the reciprgey
the aspect ratio L/6NZ, is only 0,05 £1. By increasing the aspect ratip.
on-resistance can be obtaimed:

B.6 MONVOLATILE MEMORY DEVICES

When the gate clectrode of & conventionzl MIOSFET is modi ;
semipermanent charge storage inside the gate is possible, the new s
hecomes a nonvolatile memaory device. Since the first nonvalatile
device proposed by Kahng and Sze™ in 1967, various device
have heen made, and nonvolatile memory devices have been
used in Integrated cireuits™ snch as the electrically alterable
memory  (EAROM), the erasable-programmable  read-only
(EPROM), and the nonvolatile random-access memory (NVERA

The two groups of nonvelatile memory devices are the floatin
devices and the MIOS (metal-insulator-oxide-semiconductor)
(Fig. 60). In both devices, charpes are injected from the slicon

foating-Gate Device

d dingram of the first floating-gate device has an n-tvpe
a layered gate structure of a thin oxide [(1), a Aoating
A thick insulator I(2), and an external metal pate Mi2)
ation of a pasitive voltage Vg to the external gate, an
ghtﬂlslleﬂ in exch of the two insulators (Fig. 6la). We
's law, that
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I;he dielectric permittivities of insulutors 1 and 2;
ponding fields, ¥ and V' are the voliages deueluped
and 2, and € is the stored charge on the Aoating gate.
06 we ohtain
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FLOATING GATE
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on of Ve the charge on the floating gate changes with
e currents in the two insulators are not equal, that is,

aty- [ e -rgrnac e (108)

'a{c'the current densities in insulator 1 and 2,
in insulators is generally a strong function of the
& transport is Fowler-Nordheim tunneling, the cur-

I =Ci# exp(=#4%) (109}

nd ) and ¥, are constants in terms of efective mass
e of current transport securs in Sith, znd A0,
- When the transport is of the Frankel-Poole type,
the current density follows the form

CiEexp [-q(én - ] [xr] (o

[} |
Fig. 60 (&} Floating-gate nonvokatile memary. (i) MIOS nonyolatile mam
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@ Calculated charging current snd storad chargw a3 a funclion af charging tima,
Kahng and Sze, Ref, 71,

iEe 62 gives the results of a theoretical computation, using Eqs, 106
W05 with the following parameters: d, = 50 &, ¢, = 3.B5eq (for Si0y),
£2= Mep (for Zrik), Vo =50V, and the current Js is assumed
0. Mote that initially the stored charge increases linearly with time
Hlurates, For g short time the eutrent is almost constant and then
% rapidly. The results above can be explained as follows: when a
Blic is applied at ¢ =0, the injtial charge € is zeto and the initial
field across 113 has its maximum value ¥, = V.[d, e ezld;], from
When Q (which is negative for electrons) is sufficiently small so
Miins essentially the same, the current in turn remains the same,
Ereases linearly with time. When () is large enough 1o reduece the
substantially, the current decreases rapidly with time and [
satlrate.
62 also shows the threshald voltage shift bused on Eq. 111. For
Clilar device, o increase the threshold voltage by 1V, less than
charging time (also called writing time) is required. Experimen-
treshold yoltage shift can be measured from the drain condue-
= thange in Vy results in & change in the channel conductunes o
MOSFET. For small drain voltages, the channel conductance of a
SEEMOSFET s given by

i device. [a) Cf

. 1 Erargy-nand diagram of a floaling-gale memary :
:::d:'l-. [h!lrghga,:;a starage on the floating gate. (¢} Discharging (erasing.0
Kahng and Sz, Ref. 71,)

where C; is a constant in terms of the trapg:iqg_dcnsity in the ins!

ier height, and & the dvnamic permittivity. 3
g applied V, is removed (Fig. 618 and the st
() causes a shift of the threshold voltage by the amount

M’,--%Q.

To erase the stored charge, one can apply a negative gate

!’-l:"—%}hﬂ[v{i' Vil Vi = ¥r. (112)
Blel.




