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A faster eneration

With low thresholds

IS Midino the crest
0f the new wave,
silicon-uate IG'S

In what may well be the technology's
most startling change, highly doped
silicon — not aluminum — is used as
the gate electrode; the new technique
lends itself to bipolar processing,
say Federico Fagginand Thomas Klgin
engineers at Fairchild Semiconductor
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[ ] l'|||:]1||'-.Ij|,|n:1.|.|‘|'|_5.', the sillcon gate is the new wave in
MOS lechnology, And s oo secret that silicon-gate
integrated circuits have lhved up to their promise of
great speed and low throshold voliages, with the latter
making them compatible with bipelar 1€, Just how well
this promise has been fulfilled {s evidenced by the com-
mittment both the Imtel Corp. and Fairchild Semi-
conductor have made to the silicon-gate technigue
[ Electronics, Sept, 15, p. 67). In fact, Fairchild plans to
use ke I:l:'l.'h:u.i-::lul- in jll'“ about all of the L"i.!llll.p..'ln}'.!i ikt
metal-oxide-semiconductor circuits,

Why is Fairchild so enamored with the silicon-gate
technique® The answer, obviously, stems from several
factors. But they all add up to this. The technique has
;l:e.l:!:.. redduced threshobd voliages to a mene 0.4 volt, it
kas I:r.p'lnrtl !:p-':'n:f. and it has cul circuit arca by as eriich
as a haM—thus more functions can be pecked into a
given chip area.

Aside from both present and future digital spplica-
tions, the techmique will be useful in making snalog cir-
cuits for low-level input signals. But the most important
application mare than likely will be the marmiage of
805 and bipolar transistors on the same chip. This
marrizge will come about because silicon-gate devices,
with their protected gate oxide, can be exposed to high
diffusion temperatures at almost any step in the process
without risk of deterforation.
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Wavelerms: Control signal fram the pule
penerator coused tha q’g&r-:hﬂnnﬂ
rulfiplexer to switch channels, Switching
ceours much more rapidly in the ilicon.
gale version of the mulliplexer (3708)
than in the commentional version (3705,
Hare, the 1o are swilched from chanmes
7 to channel 8. Herizoatal scale is 200
nsos per division; vertical scale is 5 volts
per division. Test circull i shown bebow.,

In essence, the technique differs from the conventional
approach in that the M0S IC is fabricated with poly-
crvstalline silicon, rather than aluminum, as the gate
electrode [Electronics, May 26, p. 49]. Both technigques
are edual in tevms of complexity—the number of masking
steps are the same. Just why the silicon-gate technique
hadn't been thowght of earlier can be atiributed largely
to the fact that aluminun has always been the least
troublesome part of MOS structures. Advences in the
technelogy stemmed in large part from work on the
dielectric and the semiconductor-diclectrie interface,
rather than on the aluminom, Moreover, poly silicon
can't be wire bonded, and this probably contributed to
the delay in considering the maberial. Rescarchers
reasoned that an aluminum interconnection layer would
still be needed.

Ewven when the frst i.l.l:l.;'ulhg:l.rl.' M0s devices were
successfully fabricated, ). C. Sarace and his coworkers
at Bell Telephone Laboratories who were doing the
research apparently failed to recopnize some of the most
significant advantages of the stucture. This was
pacticulacly true of the reduced thoreshold voltage and
thiz IiE_gh;'J com ponest -t|.1-|:|.-uil:.'. Fairchild entered the
plcture late in 1067, when it launched its silicon-gote
research-and-development effort. And now, less than two
years later, the company is going all out with the new
I:“r'!m:iqur.
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A rose by any other name.. ..

Metal oxide sembeonductors they're called, but metal
oxide semiconductors they're not—at least, the pewer
“sic8” devices sre not,

When the term first was coined, no one foretold the
prokiferation of surface-controlled devices and ICs
that were to depart from the traditional structore of a
semiconductor in which a metallic oxide serves as an
insulating laver. These changes have been so radicsl
that MOS8 o longer is exactly accurate. First, silicon
nitride entered the pichare as an alternative to silicon
dioasde. Now, highly doped silicon has come along as a
replocement [or the aluminum-gate electrode,

A far mose descriptive term would be conductor-
insulator-semiconductor, or C15. Though such a term
comes closer to the mark, its chances of being picked
up and popalarized are so skm as to be almast noo-
existent. 5o entrenched & the term MOS 0 engineering
parlince that & would be virtually mpossible for it
to be dropped. And os i adding fasult to njury, silicoa-
gate circuits can be deseribed mathematically with the
same physical and electrical madek as MOS elrenits.
Little wonder the term MO% will be around for a while.
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. Another factor contributing to the
small size is that separate masks
are used to deposit the gate and the
metalization in silicon-gate IC's ...

Strangely enough, what at frst to be major
problems—obtaining a thin, smooth of poly silicon
:nthnlmhﬂmldhmndcudthlhﬂunﬁnmmﬂd—
ization, and preventing oxygen contaminstion of the
ph&nrhgﬂuhrmdﬁﬂtdmtbﬂmﬂpw&ntpﬂd
contact with the pluminum metalization— proved, in the
run, not to be serious at all

Jow threshold is traced to the silicon

mdf It has a lower work function than aluminum, and

the thickness of the dielectric), #ys is the work-function
difference between the metal and semiconductor, and
24; iz the differcnes in Formi potential between the
inverted surface and the bulk of the semiconductor.
All other things being equal, the use of E-: oped silicon
m

for the gate will reduce Voo by 1.1 volts that of an
alumirum gate.
The advantage of the silicon gate becomes even more

i - apparent when the equation is simpli to a linear
' - - p— = function of uxide th alone: Voo = A; + Aux,
Improvemeni. Silicon gote gives lower thresheld valtage for where Ay and As ore constants for any given MOS
any oxide thickness: Moreaver, It gives o higher ratie of structure.

parasitic threshold o device thrashald (Vi Vi) With the conventional aluminume-silicon dioxide-silicon

Shrinkoge. Conventional gate masks
must allow for misalignment and
therefore produce a tronsistar that's
50% widar than the self-oligning

silican-gate device.
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Comparison of basic parameters

1-1-1 1-1-1 1-0-0 1-0-0
Sl gata Sigate conventional
#mmmm 1520 3550 D4-12 2030
parasitic device 25-40 25440 1017 1047
v‘:ﬁmw
BVp, drain breakdown voltage 28-33 3545 23 3545
\hﬁg&inmmﬂﬂ

structure, A, is about 0.9 volt. But with the silicon-gate
structure (silicon-Si0y-silicon), A, is L1 volts lower or
=02 volt. This means that with a typical gate-oxide
thickness of 0.1 micran, Vo is 2.7 volts for the con-
ventional structure and only 16 volts for the silicon-gate
structure as shown on opposite page.

Even more important is the effect of lower Ay on the
ratio of thick-oxde to this-oxide threshold voltages.
Orver the rest of the MOS thip, the oxide is made many
times thicker than the gate oxide to minimize chanees
for parasitic MOS transistors. Typically, the thickness
in this regien is about 14 microns, With conventional
MOS structures, the ratio of parasitic threshald to device
threshold is 9.7. For the silison gate structure, the ratio
is 15.2. Thus, silicon-gate struchires provide marging for
operating voltages that are far more comfortable than
what conventional structures provide. The figures given
here are for 1-1-1 oriented silicon erystals. For 1-0-0
material, the difference is greater, as shown in the table
above, The threshold voltage for resistance can be made
as low as 0.4 volt.

How does silicon-gate technology result in more oom-
pact circuits and faster switching? Consider, first, the
conventional g4, Here, allowance has to be made
for possible misalignment of the three masks used for
the source-drain diffusion, gate diclectric growth, and
gate-metal deposition, The cumulative alignment toler-

ances and sideways diffusion during gate oxidation
create large source- and drain-junction areas, and-far
more serious—create a large capacitance between gate
and drain, This capacitance, caused by the necessary
overla of the gate metal and the diffused regions,
Umits switching speed and is particularly evident when
a high-dielectric-constant material (sllicon nitride) is
used as the gate insulator to obtain low threshold
voltage.,

Unlike the conventional structure, the silicon-gate
structure aligns itsolf so that there’s no need to allow
extra area for mizalignment. Source and drain regions
are diffused after ate oxidation, so there's negligible
sideways diffusion. The result is a deviee whose gate-
drain feedback capacitance is negligible. Thus the
device can be in an area only 2 mils wide, not 3
mils, {llustrated below.

Another factor contributing to the small size is that
separale masks are used to deposit the gate and the
metalization in silicon-gate circuits, whereas the same
mask is used in the conventional MOS process. In con-
ventional circuits, there is a minimum spacing between
gate and contact metal lines which is dictated by the
resolution of the photolithographic process, This Factor
does not enter the silicon-gate pictare.

The compactncss afforded by the silicon-gate tech-
nology is clearly illustrated by the two-phase, dynamic

[ 2.0 ML

I SILMON GATE TRCHMOLOGY
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shift register circuit at right With silicon-gate tech-
nology, the register requires an area measuring 2.25 by
56 mils. With conventional technology, which must
take into account the typical 0.2-mil tolerance for mis-
alignment, the circuit requires an area 4.1 by 64 mils.
Obviously, the conventional layout is severely metal-
limited, which jsa’t true with the pew technology. The
jﬂimn.sula Ii.}-l:lllﬂ is enhanced by the two [
ductive planes.

From a user's viewpaint, the silicon.gate cirenit’s
lower-threshold and higher-speed advantages are ob-
vious, But the size advantage isn't quite as clear. In the
long run, the small area will mean lower costs. This
saving stems from the fact that more circuits can be
ﬁbﬂl onte a waler and seq simultaneously, and

mufm:gimmmgtr of defects per wafer, pro-
portionately fewer circuits are affected.

Coniributing to this higher vield i a significant
difference in the pmcess sequence, With the new tech-
niques, the gate oxide Is well protected by the sllicon
gate and by a deposited 510; layer, so there is consider-
able freedom 1o use subsequent diffusion or other hoat-
treatment steps. In conventional 308, on the other hand,
the gate o:x is exposed until the fnal metalization,
Because the gate oxide is thin and is critically located,
the heat it can tolerate is severely limited and poor
bipolar perfhrmance has to be accepted.

Real sitaie: Cxtra conductive plane
provided by silicon-gate technique redults
in spoce saving ovir and above that
given by the seif-oligning feature.
Conventional varsian of thift.register cell
itop) cccuples mote orea than the silican-
gote version (bottom) becousa mona
iurface is nepded for aluminum
malalization,

CoOmem o0 T ITHICK OXIDE  ESIMETAL
B EsLCON GATE  IECONTACTS
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Comparison of multiplexer characterislics

Fairchild has observed much higher vields in silicon
gate eircuits than in conventional MOS cirenits whose
function i identical, even when no attempt was made
to exploit the smaller geometry of the silicon gate,

The circuits used for this comparison were the 3705,

t-chanme] multiplexer switch with decoding logic
and the 3708, a silicon-gate version of the same circuit
with sssentially the same geometry, The comparison of
electrical characteristics in the table above is reveal:
ing; in almost every parameter, the silicon-gate version
is superior.

The data-output channel on resistance, for um;lll-e. is
less than half that of the standard-gate IC because lower
sheet resistivity in the p-diffused layers can be obtained
mfh si!henn gate technology. This is becanse the boron-

rs In:nm depleted by a subsequent reoxida-
!:Ian In t{F interdlg'lmre:] output buffers (eight are used
in the circuit), the source and drain fngers therefore
have less series resistance, and the output buffers there-
fore are more efficient.

The smaller input and ocutput capacitances for the
silicon-gate eircult are a direct result of the self-aligning

.

And when it comes to switching speed, the silicon-
gate verston really shines. The sillicon-gate JT08
responds to an output-snable control signal about three
times faster than the standard-gate 3705. And the high

level iz about 10% greater in the 3708 because of its
lower on resistance. In chanmel-to-channel switching,
too, the silicon-gate IC out-performs the 3705 ax
shown by the waveforms on page 89,

As for reliability, zilicon-gate 1C's present no problem,
Breakdown voltage, for example, showed a slight down-
ward trend in some silicon-gate units in a 200-hour life
test of 20 units at 150°C at a bias of —25 volts. In no
case, however, did breakdown wvoltage mo below the
lowest pre-test value (32 wvolts), and it was always
well above the minimum rating of 25 wolts.
accelerated life testing at am*c for five minutes witll
—15 volts reverse bias applied at iInput and output, the
silicon-gate circuits have proven to be exceptionally
stable with no failure on the six runs tested. Om
resistance and leakage current showed similar behavior.
After the 200-hour ting life test, for example, on
resistance exhibited a negligible change in dis-
tribution. @
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