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1. Introduction channel length modulation (CLM) and drain induced barrier lowering
Continuous scaling of CMOS has resulted in cut-off frequen¢(DIBL) respectively. The substrate current induced body effect is neg-

cies (fr) well above 50GHz [1, 2]. However, the improvement 4n f ligible for short channel MOSFETS and is not included in Eg. 2.

comes at the cost of degraded output resistangg)(Bnd reduced

intrinsic gain, G=g,R,, of the transistor. Fig. 1(a) shows the intrin- 3. Results and Discussion

sic gain vs. { trade-offs for various channel length )ldevices. Each It is well known that the intrinsic gain reduces as the channel

point corresponds to a particular device’s intrinsic gain ap@tfa length is scaled, mainly due to worse SCE. As seen in Fig g, iR

bias condition of 4=100uA/um (rather than at fixed gate over-drive) dominated by ¥c v for longer Ly and by Vopg. for shorter

and V4=0.8V. For a given channel length, different points aredevices. While ¥, (Eg. 3) decreases less than proportionally with

obtained by varying the substrate dopingajNand the source/drain Lg, VapigL (EQ- 4,5) decreases exponentially with scaling. Therefore,

extension (SDE) depth,;XThe overall gain vs {ftrade-offs improve to alleviate the degradation inyig when Ly is reduced,Ineed to be

with scaling. However, if a constant threshold voltagg, ¥ main-  decreased proportionally. Hence,Tand Xyedn (governed by Iy

tained, the gain degrades considerably. Degradation of linearity wittnd X), should be scaled withJto control SCE. However, increas-

scaling is a major concern for many analog circuits. Linearity isng N decreases mobility while decreasing degrades the MOS-

another concernviP,; = /0.759,/9,3 IS a standard way of measur- FET performance caused by the increase # Fherefore, g, and

ing the third order non-linearity ing whereg,; = 8%,/0V3; [3].  hence, { degrade. In the case of oxide scalingefeincreases nearly

Fig. 1(b) shows the effect of scalinglon overall VIR, vs. f; trade- linearly with decreasingJ while g, increases only sub-linearly due

offs. Similar to the gain vssftrade-offs, the improvement in ViRs.  to a reduction in mobility caused by the highef.ETherefore §

f1 trade-offs is limited by the maximumgy. Thinner oxide thickness degrades slightly for thinner,JI.

(Tox) or smaller X can be used to reduce the degradation in gain. The improvement in gain and only marginal degradationyin f

However, reducing Jx improves the trade-offs only slightly while;X  with Ty, (Fig. 3) leads to an overall improvement in gain vstrde

has nearly no impact on the trade-offs (Fig. 1(c, d)). offs (Fig. 1(a)). Note that{f does not degrade severely with thinner
Tox because whil® increases, Y is smaller for the sameyd, result-
2. Analytical modeling ing in a smaller increase infE Hence, the reduction in mobility is

In order to gain insight into the analog behavior of scaledomewhat eased. Howeveg,Ts ultimately limited by the gate leak-
MOSFETSs, analytic models with accurate incorporation of transpo#tge and input swing constraints. Also, linearity degrades with scaling
and 2-D electric fields have been formulated. After incorporating th&y (inset of Fig. 3) due to increased effect of; Bn g, for thinner
effect of degeneration due to source resistangg §Rd mobility deg-  Tox device.

radation due to vertical electric field (Eusing parameted (a T, Y), Fig. 4 shows the impact of increasinr%hcbn gain and 4. Gain
the transconductance(pof short channel MOSFETs is given by  and f values corresponding to+8x10'"/cm® are used as the refer-
W, ColVgt(Vgr(1 + BEg L) + 2B L) (1 +AV 49 ence point to calculate percentage changes. AsisNincreased to
O = (E e o dn o =2 e < (1) 6x101£cm3, Lg=50nm devices show more that 200% improvement in

2
satbg(1+8Vg) + V) (1+ Wiga CouRe/ (1 +0Bsa1kg)) gain (due to better SCE control) with only 30% degradationyirff

where 4 is the saturation velocity, yf (=Vgs'Vyp) is gate overdrive, degrades with an increase in, Wecause, decreases (due to increase
W is the device width and & (=2VsafHo). Uy is the channel mobility  in coulomb scattering). Shortjldevices degraded less for highex N
when E; = 0. To calculate B, a concept similar to early voltage since g, in short-channel device is largely limited by velocity satura-

(Vp) in BJT can be applied to MOSFETS [4], tion. The increase in &;(due to decrease in,) leads to better linear-
Vi 1 L, 0 ity as velocity_saturation effects are reduced (Fig. 5). However, higher
Rout = [ = E{%Asat*’ %l + O‘TE(VACLM l VapisU (2) Nj leads to higher )4 with conventional n+ poly-Si gate. Therefore,
sa

methods (other than reducingy Nwhich can reduce ), such as gate
3) material engineering and active bias, need to be employed to enhance
the performance of scaled devices.

(Vds_vdsat)

Vactm = Bsaltg(1+8Va) * Vad g~ (15,

v - (Egallg(1+8Vy) + V) Scaling X improves linearity through the increase ig,Rvhich
ADIBL e'(l_g)(l + (2Eaalg(1+6V40)/ Vg) (4) isa significant component ofgg (Fig. 5). Rsis only slightly non-lin-
ear with , but it still contributes to the overall non-linearity of the
with g'(L) = (J(AV/ (BV s+ V) J(exp(T)-1) + (1 —exp(-T)) device. Fig. 6 shows the variation in gain andds X is reduced.
o - 4sink?(T/2) 6 Smaller Ly devices show more improvement in gain as they are

) o ) affected by SCE more severely. The degradatiorjimgwever limits
AVpVpi-@g and =L /l;. Vi, is the built in potential of substrate to the improvement in gain and also degrades theffthe devices. The
source/drain_pn junction andds is the surface potential.; | impact of Ry is more serious for smallergldevices as can be seen
(= /3Tox(Xgep'n) ) is the characteristic length.in (2) is the inver-  from Eq. 1 (the coefficient of Rincreases with scaling). To reduce
sion charge thickness at the drain end and is used as a fitting paranigs effect of R for scaled devices, an increasedior Eq,(decrease in
ter. The early voltage componentsd{y and Vapjg,, are caused by |, ) is required. Both of which will lead to a lower,gas the ON resis-
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tance (Ryy) of the channel increases. The only way to get around then X; and Ny. However, thicker , is needed for improved linearity.
problem of higher B/Rgy is to reduce R itself which imposes con- Higher substrate doping can be effectively used to alleviate the degra-
dation in gain and linearity but it leads to higheg,VTherefore, meth-

ods (other than reducing Y which can reduce ), such as gate
material engineering and active bias, need to be employed.

In this paper, analog behavior of scaled MOSFET was studied.

straints on scaling X
4. Summary

Detailed physics based analytical models were
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Fig. 1: (a) gain vs.{f and (b) VIR, vs. f; trade-offs for various channel lengths. Impact of (g) and
(d) Xj on gain vs. { trade offs. In (a), (b) and (c) Nas well as Xare varied for a given 4 and T,, to
obtain various points. In (d) onlyNs varied for a given to obtain the trade-off curves.
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Fig. 2: CLM and DIBL components ofR.
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increase in substrate doping. Gain ardvilues in Np and decrease in X VIP3 values at Fig. 6: Percentage change in gain andwith
corresponding to N:leo17 are used as base vaI-NA=3x1017 and %=30nm are used to calculatedecrease in X Gain and § values corresponding
ues for calculating the percentage changes. Dottegrresponding percentage changes. Dotted liné® X;=30nm are used as base values for calculating

lines show the constant\Mdevices.

show the constantgdevices.
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the percentage changes.





