
Dtgest of Tech. Papers The 7th Conf. on Solld State Devlces, Tokyo, Sep. 1975

A-2-2 SEUI-INSUI."O,TING POLYCRTSTALLINE SILICON (SIPOS) EII,!{S

APPT,IED TO UOS INTEGRATED CIRCUITS

H.Yenoto, l,l.Okeyana, T.Aokl, H.Mochlznkl, l-l.Abe, T.Ando

S0l{I Corp. Senteonductor hoduct Dtv. and Senlaonductor Developent Div.
Atsugl Plantr 0-14-1, Asehl-cho , Atsugl-shi ; Kanagane , Japan

Senl-Insuletlng Folycrystrlllnc Sl (SIPOS) fllns gronn by tbe chenlcal vapor reactlons of N20

and StE4 1n nltrogen anblent rerelnvestlgatcd, and shored varl.ous applleable propertles to the

sEnLconductor dcvlces. Th€ senlconductor surfrces passlvat€d rlth SIP0S fllus are very stable under

blas-tenperatu:r.e stress and heve htgh perasttlc threshold volteges for both N- and P-tyFe Sl

snbstrates ln the strueture of ileta1-0:rlde-SlP0S-S1. SIrcS fllns rat applied to the pesslvatlon

of CAI{OS-ICs and the lntegrat!.ng denslty rc lupovad as a result of renovlng channel- stopper

reglons and the cleetrlcal stebtlltles rrurB also lnpoved. In thls peper, the gronth and popertles

of SIPOS fll-ns and the pnoposel about e n€w pessivetlon teehnology of MOS-ICs are deserl-bed.

The gr.orrth end pnopertles of SfPOS fl'lrnc. SIPOS filns ere grorn by chEnlaal vePot

rgaetions of NZo and SIII4 ln nltrogcn anblent over the tenperature range 500 to ?00oc. Ftg.l shors

the o:rygen eoncentratlon and the deposltln rete of SIFS flLns es a funatlon of the flor-rate ratlo

of N2O to S1II4 gas. Tlre orygen concentratLon in SIFOS f{lns can be greelsa1y controlLed by changtng

(W2O)/(Slta) ratlo. Eleetronnicnoseopyreveals thet the graln slzo of SIPOS f1lns ls aboutau 100,

2QQa,jOO, and J00nr 600 l, corrcrpondLng to the grorrth tenpcraturc 600, 650, end ?00oC,ispactlvcly,

and becone amorphous-llkc rlth lncreaslng the orygen eoneentratlon. Flg.2 shows the lnfrared trans-

nlsslon spectr:a of SIF3S fllns for narlous oryg€n concentrttlons before and after anneaflng. Before

anneallng, the ebso:rptton peak due to Sl-O stretchtng bonds shlfLs fron 10.0 to p.6pn w1.th

lncreaslng the o:rygen concentratl.on, rhtch lndlcates that the fllns contaln S10, 31203, or soo€-

thlng batrreen the two. After anneaLtng et LLOOoC for 60 nln. ln nttrogen anblent, the absorptlon

peak shlft" go 9.3p n correspondlng to the absorptlon of the SiQ2 bonds.

Eleetrlcal resisttvltles of undoped and boron(or phosphor)dtftused SIFOS flLns are shorn ln P[g.3,

and electrical conductlvlties of undoped 5IP0S fllns erc ghorn ln ELg.4 u I ftrnction of rqclla.oasl

tcnprleturcs. The eloctrieal reslstlvltles of rurdoped SIFOS fiJ.ns can be controlled over the
7lo

rrngs 10" to 10 (ohn-crn) by chenglng the o:rygen concentratlon, so tbat SIPOS fllns hrve applt-

aable aberactertstlcs as htgh reslstlve uaterlsls or senl-insuLatlng naterlele. By the dtffuston

of boron or ptrosphor lnto SIPOS fllns, the eLeotrlcaL reslstlvltles Lorer to tO-3^'10-1 (otn-cn),

so thEt tnpr::rtty diffused SIhS f1lns are eppllceble to thc gatc electrode, or the rtrlng naterial-s

of the UOS lntegrated clrcults.

Baslc electrlcal- eharacterlstles for pesslvatlon ftlns are exenlned by using Metal-Oxlde-

SffOS-Sl structr:re. Fig.5 shors the C-V charecterlstics of M-O-SI.-Sl capecltors. Tlre lnverslon

layars are not lnduced tn thc surface regton of both N- and P-type Sl under rether strong eleetrlc

fleld. Ptg.5 shows the tenperature dependence of the leakage eunent of the reverse blased dreln

Jwretlons. Va1ues of the leakage cunent are reletively large eonpared rith that of the Junetlons
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pssstvat€d rlth 5102, but lt can be sald th8t SIPOS fllns ere satlsfrctorlly rppl.icrble to thc
psslvatlon of l't0S devLces for peetical use. EIs.? shors the stabilltles undqr btrs-
tenperetwe stress, and srFos fllns shor excellent peaslvetlng effects.

Appllcatton to c/uos-Icg. The aross sectlonrl vler of e/uos-rnvertcr pesslvat€d ylth
SrPOS fllns ls shorn ln Filg.8. The lntegretlng denslty ls tnpnoved beceuse c/uos-Ics possiveted

rtth SIFOS fl'lns need no chenncl stopper reglons ln both P-reLl and N-t5rpc Sl- subgtrrte.
The characterlstlcs about lnprt frequonay vs. urxlnun operatlng voltage of the dynrnlc gate type

c/uos fllp-flop etrcults erc exeuirrd, and the effecte of reakage current on tha electrlaal
cheraeterLstlcs of C/UOS-ICs arE shonn 1n E[g.9.

the nechanlsns of the leakage cunent and lts tnfulrrencee on the cLectrlcel cbareeterlstlcs
of C/UOS-ICs rllL be discussed ln dctetle.

Etg.l O:q7gen coneentnatlon
and deposltlon rate of SfpOS
ftlns vs. sas f,lou ratlo
(n20,)/(sig4).

SIFOS ftlns:Etg.2 fnfrered transnlsston
speetra of 1 n thlek SIPOS
fllns before and after anr:eallng
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Pfg.4 Electrlcal conduct-
lvltles of undopad SfhS
fllns vs . UT.
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EtS.? Blas-tenperature stress
test of U-O-SIrcS-SI FET.
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Ftg.5 C-V cheracterLstlcs
U-0-SIFS-S1 capccltors .
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stpos-pAsStvATEo C/MOS-t NVERr€R

E[9.8 The croes sectlonsl
vler of th6 C/UOS lfferter
pase lveted rlth SIPOS fu_!rs.

nk.6 Tcnperatnre dcpendense
of the leakege cunent of .tbs
revelss blesed draln Junctlosof !f-0-SIF0S-S1 FET.

INPU] FREOIfI{CY ((Ht)

Rtg.9 Cheraetcrlsttcs of ln-
put ftcquancy vs. nexlnrn
operetlng voltege of the CAO6
dprntc gete typa Ellp-Elop.
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