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A-2-7 Novel High Alpha― Particle― Inlmunity and High Density d― RAM Cell

Toshiaki TsucHIYA  and  Sigeru NAKA」 IMA

Musashino Electrical COmmunicatiOn Laboratory, N. T. T.

3-9-11, Midori― chO, Musashino― shi, Tokyo 180 」APAN

A new dynamic RAM cell with iynamically ,witched buried ghannel (DSC cell), and with readout

signal gain is propOsed.  The cell has extremely small collection efficiency of charges generated

by alpha― particle, and a110ws large amount Of leakage charges due to its peculiar structure,

therefore can achieve high Packing density, compared with any other propOsed cells such as

scM(1), TI RAM cell(2)and DMOS cell(3)。

Fig。  l shows DSC cell structure and its equivalent circuit.  DSC cell is composed of an

MOSFET, an MOS capacitor and a 」FET with a buried channel under the MOS capacitor.  The buried

channel is cut off when charges are stored in the capacitor through the MOsFET ("1li state), then

readout current does not f10w between WB and RW lineso  while it is not cut off when no charges

are stored ("0" state), then the current flows。

Experimental test devices were fabricated using double polysilicon and FIPOS(4)techniques。

Fig。  2 shows write and readout waveforms.  Since readout current of DSC cell is due to electrons

in」 ected from N+ layer tO the P reg■ On, large readout current can be obtained, compared with

unip01ar 」FET, as shown in Fig。  3.

Permitted numbers of leakage charge Ne in DSC cell is large compared with other gain cells,

because large surface― potential can be applied under the capacitor withOut charge injectiOn from

substrate (i.e., the insulator or reverse―biased N layer).  It was experimentally confirmed that

Ne in DSC cell is described by

Ne = Sc`(Cox・ (Vsi ― Vsf)/q +4W・ NA)'  ~~~― ――――――――――――――――――――――――――――――――――― (1)

Vsf = qNAd2/(2Ksiε
O)- 2,1,  

―――――――――――――――――――――――――――――――――――――――――――――――― (2)

4W=ガ 2Ksiε
O/(qNA)(イ

2‰ +Vsi―
ゴ
24+vsf), …一 ― 一 ― ―― ― ― ― ―― ― ―一 ― ― (3)

where Sc is capacitor area, Cox is gate oxide capacitance, vsi is surface potential of writing

level, vsf is surface potential at which dynamic deep depletiOn layer width becOmes equal to the

P region thickness d, andム W is change of the depletiOn layer width due to ∠v (= vsi ― Vsf)°   NA

dependences Of Ne/Sc and 4V are shown in Fig。  4.  From Fig。  4, it is found that DSC cell has

large Ne' Which is もased upon large aV.

The collected numbers of alpha― particle― generated electrons 、メ in DSC cell is very much

small, because the P region is sufficiently thin and diffusion component of electrons generated

beneath the depletion layer is negligible due to insulator substrate or built― in mechamism.  Fig。

5 shows calculated minimum capacitor area required to hold stored "1" state for 4 msec, for

typical leakage current flow of l 
μA/cm2(5)at 90oc and one strike of typica1 5 Mev alpha― particle

with incident angle of 451  From Fig. 5, ■t is found that capacitor area of DSC cell can be

extremely reduced, which is based upon both small Nメ  and Sufficient Ne°
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Comparison aurong DSC cel1, other gain ceLls and single transistor cel1 is suurnerized in

TabLe 1. DSC cell is the most competent device for high packing density and alpha-particle-

innunity in the future.
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DSC ce11 strucEure.
Equivalent circuit
of DSC celI.

Fig. 2 l,Irite and readout
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Fig。  3 NA dependence of

Readout currento       Fig.5

IMPUR!TY CONCENTRAT10N OF
ACTiVE REG10N  NA (Crr3)

N. dependence of calculated
A-

minimum capacitor area.
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Fig. 4 NO dependences

of leakage charge per

unit area and

perrnitted surface

potential change.

Table 1. Comparison of d-ltAlt cells.
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Hヽw=HVw8 =5V
Lヽ鴫=― :V
Tox 8500 A

Tox 3 500 A

- 
Ne /Sc

HVrw ('HV'|Bl .

p[ 」ヽ＼′V

SCM DMOS

Desien Rule (um) l

Cell Size      (口 ml)
caoacitor Area (um-) 9

:i翼 ::ed Leakage(c)
3.3x10 1.2x10 ～4x10 ～8x10 1.8x10-rq 4.lx10

Collected Number of
Alpha-Particte- (C)
sen€rated electrons

3.2x1.0-l 3.8x10-l -1t^,1x10 " ^′ lx10~14 6x10 2.2xLo-14

Alpha―Particle
Numbers lnducing
Soft Error

l 3 ～ o,4 ～ 0.8
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