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A _ 4 - b Soft Error Irqrrovenent irl lOS RAMrs

by the use of Epitaxial Substrate.

S.SATOH, M.DEtilDA, and T.FUKUI{ffiIO
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Ihe soft error caused by alpha particles is one of the serious problens in scaled dynaruic

I1OS RAMrs.l) tti= work presents a rrEttrod to inqrrove tlre soft error bV tlre use of p epita<ial

layer on p++ silicon sulcstrate.

Fig.l slrows ttre soft error rate vs. rsrpry qlcle tine of the 64K-bit d1'rnmic l4OS RAM. Soft

error rate in ttre epitaxial substrate is l0 to I00 tilnes as snall as ttre sr:bstrates with uiform

resistivitlz of 30-crn,lOltscrn ard 20n-c!n

Fig.2 stpws ttrc cross sectiornl vienr of the l"OS RAM. Ttre data of soft effor rate were

obtained by using Americitltr 241 alpha sour@s on t}e I,Os mM.

Ttre irrpurity profile of epita<ial substrate is.reasured b1r spreading resistance teclnique

as shc'r^[r in Fig.3.

Deptetion layer widttr WU fron n* diffused layer i.:r sevenal sulcstrates is slrcwn in fig.4.

The WU in epita>rial sr:bstrate at a voltage of 8 V is nearly equal to tlrat of the strlcstrate of

30-cm resisitivity. Tto clarifl' ttte relation betr^rcen soft error rate and ollected cfiargte in

diffused bit ljne of 6zlK$it RAM, we calctrlated ttre Qa of 4 different kinds of substrate. Qa is

obtained by (1).

ea = e*O+ ere ---------(l)
vfiere Qa is total ctrarge deposited by diffi.sion arr,ray frcrn a parbicle track, QrO is tot3l

ctrarge in depletion layen ard Qre i= total ctrarge beneath the depletion layer.

A.ssuning ttre ctrarge densiQr f" @ be uniform, we obtail

Q"o=f"wd ---'(2\
Collecting current, density j (rrt) is given by the following 

"q,r"ti*r2)
j (r,t)=jo i3 "rp(-r2ln2a,2) 

tt-"r.pt- >31 l------- (3)

where 42=7"ta"=49p1g2 t:tirre [sec] R:track length tpml

r:distance f:rqn ttre Snrticle entarance point tpml

IrE can obtain QaS by integrating (3). Soft errcr c€u1 occur dr.rring a tfue t of 50 ns in

sense anplifier. Fig.5 strows tlre norrnalized charge x witfrin radius r of ttre particte entranoe

point from 20pm ventical track for 50ns. In t}ris qase' I,ve obtain

Q""=foRK=20Kf.------- (4) arxl Qa= (wd+20K)P"------- (5)

Ttre calculated Qa ard, ollecting efficiency S are sr.urnnrized in table 1, and soft elror

rate decreases wittr the increase of s-l as slpvln in rig.6.

In csrclusion, ttre irrprovenent of soft error in 64K-bit dyrnmic I43S mM was rnade by

using the epitaxiaf sulcstrate, which is erqplaind by the snaller collecting efficiency.
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Fig.1 Soft error rate vs. cycle tirre

F"5UeSTRATE

Ftg.2 D)mamic I\40S RAM stnrcture
used in this e><perinEnt
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Fig.3 Inpurity profile of
epitaxial substrate
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Fig.4 Depletion layer width
vs. applied voltage
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Fi9.5 Collected charge vs. r/R
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Fig.6 Soft error rate vs. S-1
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