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Electrically reprogramable nonvolati■ e semiconductor memories have gained a

vast market in recent years fOr the demands Of cOmputer microprogramingo  Recent■ y,

with interfacial doping, significant improvements in switching speed and memor,

retentiOn has been achieved over p■ ain MNOS Or MAOS structures by kahng et 占1.1)

This structure, however, wOu■ d suffer from the lack Of cOntro■ ■abi■ ity Of mem6ry

characteristics, since the very smal■  amOunts of interfacia■  dOpants are depOsited

by a vacuum evaporatiOn methodo  We propose, here, a no、′el  technique to introduce

i nterfacia■  dopants between two dielectrics uti■ izing rec01■  1轟 p■antation。 2,ぅ )

A thin metal fi■ m is deposited on a therma■ ■y oxidized silicOn wafer. l when

ions are imp■ anted into the meta■  film, some amounts of the metal atoms migrate

into the quite thin ■ayer Of the Si02 fi・ m (IIl due to knock― On effect (recoi■  im―

p■ antatiOn).  A die■ ectric fi■ m (I.l is depoSited on the Si02 Surface after the

meta■  fi■m ■s chem■ ca■ ly removed.  Then a gate electrode ■s fol■ owed to cOnstruct

a dual die■ ectric MIS strtlcture.

The range of the maximum recoil, relative tO the incident Si range, was cal_

cu■ated for various meta■ s, and is shOwn in Fig.η .  This figure shows t,at a target

with the heavier atomic mass has the shal■ ower recoi■  range, and is superiOr fOr

an ■nterfac■ a■ dOpante  Bes■ des of this reason, tungsten was chOsen because of its

other properties appropiate for the interfacial dOpant, litt■ e thermal diffusivity,

■ow vapor pressure and thermal stability.  Figure 2 shOws fractiOna■  tungsten atoms

transmitted through Si02 fi・ m into Si substrate measured by backscattё ring ana■ysis.

It rras cOnfirmed that mOre than about 9o% of reco■ l tungsten atOms were restr■ cted

Within 50 A of the Si02 film.  The number Of recoi■ ―imp■ anted tungsten atoms is

found to increase in proportion to the incident si dOse, and tO be easi■ y cOntrolニ

led over a wide range as is shown in Fig.5.

A nonvolati■ e semiconductor memory was cOnstructed incorporating the recoiユ

implantatiOn with a MNOS structure.  Figure 4 Shows shifts of the threshold voltage

versus the number of reco■ ■―■mplanted atom, after a pOsitiv9 pulSe was app■ ied fOr

each gate electrode.  Recoi■ ―imp■ anted tungsten atoms mole than 1014 cm… 2 are found

effectiVe to make the thresho■ d vo■ tage shift.  Charge injection and trappittg into

the memory sites are substantia■ ly enhanceo by intentional■ y emp10yed interfacia■

doping.  The shift of threshold voltage is cOntrO■ ■ed by the number Of recoil tun―
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gsten (i.e. dose of Si ions). tr'igure 5 shows an inverter operation of the memory

transistor. Write (17 V, 2OO psec) and. erase (-70 V, 5OO psec) pulses were applied

to the gate repeatedly. Switching speed and pulse voltage of write-erase operation

has been improved over conventional MNOS structures even with thinner SiO, films.

Consequently, recoll irnplantation has been found quite useful to introduce

interfacial dopants at a very narrow region between two dielectri-cs and character-

istics of, the memory can be controlled accurately utilizing this technique.
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