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Expectable Performances of Future NMOS and CMOS Technologies
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I. INTRODUCTION

The success of MOS devices scaling tl] comes
mainly from the increase of density which l_eads to
an increase of circuit complexity and especially a
reductl-on of costs. Further these benefits come
with a very interesting improvement in circuit
performances that we have studied in view of a fu-
ture continuity of scaling trends.

However the scallng suffers from the existence
of parasitic effects 1,2) which play an increasin-
gly important role in lirniting the gains.
Generally in the literature the authors study MOS

devices scaling lirnits which result from these pa-
rasitic effects [3, 4] and the corresponding per-
formances [5] separately or successively.

In this paper a general approach is proposed
based on the simuLtaneous study of lirniting ef-
fects and performances. Its feature is to maximize
the speed of a given technology under constraints
to insure a good working at the device level (no
punchthrough, threshold voltage, hot carrier
effects. . . ) and at circuit level (noise margins,
logical levels, power consumption), taking into
account the liniting parasitic effects (series re-
sistances, saturation velocity of carriers, .. . ).
The results are function of design rules, thus are
dependent on the possibilities of the future fa-
brication equipment.

2. PROGRAMS OF AUToMATTC SCALTNG

we have d".r"ffi", popsr and
OPEC, for the optimization of electrical and geo-
netrical- parameters of logical gates realized in
NMOS and CMOS technologies respectively. They
contai.n the following modules :

1 - description of the scenario
2 - constraints checking
3 - models of parasitic effects and active

devices

B-2-4

4 - iterative optimization of parameters
5 - calculation of the cost function
6 - outputs

The description of the scenario includes design
rules, the list of parameters to optimize and
their allowed variation range, the values of other
given parameters and data relative to constrai-nts.

The calculation of the channel doping profile
required to suppress punchthrough current, is per-
formed in module 3. Its efficiency has been veri-
fied by the realization of oprimized MOS

transistors with channel lengths down to .22 um
(figure 1 ).

These devices have been also used to validate
an analytical model of S-D IulOS current which ac-
counts for the saturation velocity of carriers
(figure 2), short channel effects and doping pro-
file under the gate. The source and drain series
resisLances are calculated according to t6] and
are taken into account iteratively.

The parameters optinization is perforned by an
exploratory search using a modified HOOKE and
JEEVES merhod l7l.

A great advantage of these programs is their
modularity, so that, it is easy to change models
and constraints.

3. PEITFORMANCIS OF NMOS ANp CMOS TECiIN0LOGTES
In order to determine the performances that

could be achieved with future submicron NMOS and
CMOS technologies we have considered optimistic
and pessiuristl-c scenarios for each of the follo-
wl-ng channel- lengths I 1, .5, .25 and .125 pm :

- optimistlc scenarios are based on the sca-
ling of given reference design rules (table t) ta-
king implicitly into account future improvements
of processing.

- pessimistic scenarios are also based on a
scaling, but limited by the present possibilities
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A general approach is proposed to determine performances that could be achieved withfuture submicron NMOS and CMoS technologies. It is based on the automatic optimiza-
tion of the electrical and geometrical parameters of logical gates so that speed beas high as possible while taking into account some constraints to insure a good wor-king of devices. This approach is applied to NMOS and CMOS technologies for effective
channel lengths of 1, .5, .25 and .125 pm. The results are compared with some experi-mental performances.
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of process (table 2 ). Furthermore a low doped

drain structure is considered to improve MOSFET

reliability. The consequence is an i'ncrease of
source and drain series resistances.

The optimization of el-ectrical and geometrical
parameters is performed for given values of avera-
ge static po$ter for NI"IOS technology (figure 3) or
of dynamic energy for CMOS technology (figure 4)'
in the case FI = FO = 1.

For each point of these curves we have optimi-
zed the following paraneters :

- doping profiles under the channels of the
different kinds of devices

- channel widths
- oxide thickness
- supply voltage

A larger difference between optinistic and pes-
sinistic scenarios is observed when channel length
decreases. This is due rnainly to the fact that so-
me parasitic capacitances are not fully scaled in
the pessimistic scenario.

The existence of optimized values of parameters
has been verified for the supply voltage, figure
5, where rr,te try to minimize propagation delays for
given values of dynamic energy and supply voltage.

Otherwise these results are valid for more com-

plex circuits, because the values of optimized pa-
rameters are very near those obtained on loaded
logical gates (fI = FO = 3)-

4. EXPERIMENTAL RESULTS

To compare these expectable performances with
some experimental ones' submicron N.MOS and C.IIOSt

101 stages ring oscillators were realized using a

step and repeat rnachine. Device parameters are gi-
ven in table 3.

Typical results are propagation delay of 125 ps

and average static power consumPtion of .45 ntr'I for
NMOS teehnology at 3V supply voltage. The C.IulOS

technology propagation del-ay is 160 ps for a dyna-
mic energy of .56 pJ and 5 V supply voltage.

For small-er devices, there is also a good

agreement between predicted performances and the
best ones given in the literature : 30 ps at room

temperature on a .25 pm channel length N.MOS tech-
nology [8].

5. SUMMARY

1 gu*t"l approach has been proposed to optini-
ze the electrical and geometrical paraneters of a

given technology with l-ogical gates speed as a

criterion. This approach has been appl-ied to sub-
micron N.MOS and C.M0S technologies. We can

concl-ude that, depending on the possibilities of
the future fabrication equipnent, very high per-
formances are expectabl-e. Further, due to its bet-
ter scalabiLity and lower por,rer consumption
compared wlth N.MOS' C.l'lOS will be the dominant
technology.
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Fig 5 : EXPECTABLE PROPAGATION DELAY
AS A FUNCTION OF SUPPLY VOLTAGE
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PARAMETER
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Table 1 : DESIGN RULES FOR A 1l-rm
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Table 2 : LIMTTATIONS OF PROCESS
LITIES FOR PESS]M]ST]C
SCENARIOS

{
\

s

N.MOS c.Mos
Paraneter Enhancement Depletlon N Channel P Channel
Gate oxlde thickness (A)
Channel length (pu)
Channel wldth (Uo)
Junctlon depth (Un)
Threshold voltage (V)

250
.8
7.5
.2L
.63

250
.8
4
.2L

-1 .5

250
.6
2.5
.?5
.6

2s0
.6
2.5
.25

-.7
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