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Impact of Poly-Gate Depletion on MOS RF Linearity

Chang-Hoon ChgiMember, IEEEZhiping Yu, Senior Member, IEEEand Robert W. DuttarFellow, IEEE

Abstract—The distortion behavior for thin oxide MOS TABLE |
transistors can be degraded due to polysilicon-gate depletion RoabMAP FORNMOS RF DEVICES (ITRS 2001 ©ITION) [1]
effects. The nonlinear, bias-dependent gate capacitance for thin
oxide MOSFET's results in significant 2nd-order derivatives in year 2003 | 2004 | 2005 | 2006 | 2007 | 2010
gate capacitance,(9?C(Vy,)/0V2), which in tum results in gat‘} 1621(%}‘}*1{2()1““) 16853 25235 24654 34202 33752 51431
. - gs] L . -
substantial 3rd-order derivative contributions to drain current, T ohysical (o) T8 109 14 0813 (071206110503

(8°1as/OV,Y). This may restrict the use of very-thin oxide
MOSFET's in RF applications.

Index Terms—Distortion, gate capacitance, linearity, MOSFET, 100 3 . | . T
polydepletion, RF, thin oxide. o

Lg=70nm, tox=2.0nm [7]
|. INTRODUCTION 107 L
ECENTLY, the use of modern CMOS technologies have F
been extended not only to mixed analog-digital circuit de-
sign, but also to RF applications. In RF applications, miniatur-
ization of gate length is an effective way to increase the cut-off RS -
frequency( fr), becauségr increases in proportion to transcon- I / SO
ductance(g,,). The International Technological Roadmap for 103 | Lg=0.25um
Semiconductor (ITRS) proposes an oxide thickness for NMOS : tox=4.5nm [8]
RF devices, as indicated in Table | [1]. This oxide scaling is i
identical with that for high-performance logic devices, probably 10 ) | . !
based on considerations of process compatibility. However, as 0 0.5 1 1.5
oxide thickness is scaled down, MOSFET’s increasingly suffer
from various undesirable phenomena. In particular, polydeple- Vgs (V)
tiqn eﬁgcts become important and can be inevitak_)lefor modegib_ 1. Measured third-order derivative of drain current(= (9°I../
thin oxide MOSFET’s due to the serial connection of the ren’?)), atVy, = 1.2 Vfor L, = 70 nm,t,, = 2.0 nmandL, = 0.25 um,
duced polydepletion capacitance with the enlarged oxide capae-= 4.4 nm NMOSFET's.W = 10 um for both cases.
itance, leading to degradation of inversion gate capacitance and
transconductance [2]. In experimentsltangeveldg3], the RF Fig. 1 shows the third-order derivativesipf atV,, = 1.2V,
distortion is shown to be worse with decreasing oxide thicknesabeledy,, 3, obtained from measured NMOB-V curves for
The impact of polydepletion effects on RF distortion behaviawo different technologies; a 70 nm gate lengihy ) device with
needs to be studied, in order to help project directions of futurg, = 2.0 nm [7] and a 0.25:m device witht,, = 4.4 nm
gate oxide scaling in MOS RF devices. [8]. The gate width is 1@um for both technologies. Data shows
In analog MOS circuits, a purely sinusoidal input signahat the amplitude of,,,5 for the device withL, = 70 nm and
can produce a distorted output signal with higher-order hat;, = 2.0 nm is greater than that for 0.24m device with a
monics due to the nonlinearity of MOS transistors [3]. Theghicker oxide. Also, there are multiple zero-crossing points in
harmonics are mainly induced by higher-order derivatives ¢f,; for the device withL, = 70 nm andt,, = 2.0 nm. These
the current—voltagé/—V") characteristics of the transistors. Inresults imply that the linearity of MOS transistors can be worse
particular, a lower limit on the distortion of MOS transistorsor scaled devices with very-thin oxide thickness.
is determined by the third-order derivative of the drain current
(145) with respect to gate bia@.) (gms = (9°14s/OV)) ll. RF LINEARITY DUE TO POLYDEPLETION
[4], [5]. Therefore, the amplitude of the third-order derivative
of I, should be minimized for low-distortion applications [6].

gms

102 L

Vds=1.2V |

The basic expression for drain current in a MOSFET is:

I = QU (1)
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Fig. 2. Comparison betweeap,,; andCyov,,; in (4) for an NMOS device é"’ 3
with L, = 50 nm andt,, = 1.5 nm.,, andC, were obtained by using o 10
device simulation fob;, = 2.0 V andv,,; = 1.0 x 107 cm/s.
. , . L : 10
where wv,,; is the carrier saturation velocity in Si 0,70
(Nl X 107 Cm/S) Vds=2V 1x10%%/cm
For the saturation drain current, the 1st-order derivativg of 10°5 05 1 15 2
with respect to the gate bi&¥];), gm, is given as: Vgs (V)
8Id oQ
9m = 2 ~ 5 Vsat = O(‘/gs)vsm& (3) P H i P H —
a avgs Fig. 3. Simulatedy,,; amplitudes for an NMOS device with,, 50 nm

andt,, = 1.5 nm(Vy, = 2.0 V). (@) g3 curve with polydepletion effects

In turn. the 3rd-order derivativ n XDr . for N, = 2.5 x 10" /cm?® (solid line) andy,.s curve without polydepletion
turn, the 3rd-order derivat Gms, €A bee P essed as effects (dotted line). (b)...5 curves for differentV,, values.
By 02C(V,,)
® o~ = Usat = Cg2vsat- (4)

vy OVE wheret,, represents the depleted thickness in the poly-gée;

Equation (4) implies that the 3rd-order derivativelof that is the dopant concentration in the poly-gdte; is the flat-band
controls MOS distortion behavior is mainly determined by th¥oltage; ands, is the surface potential in the channel.
2nd order derivative of the gate capacitance with respect toEquation (5) shows a nonlinear relationship between the gate
us (= (92C(Vys) JOV2)). terminal voltage and the gate capacitance in the presence of the
In order to validate the relationship in (4), device simulatioRolydepletion effect. When the polydepletion effect is severe,
by using MEDICI is applied to an NMOS device with, = MOSFET distortion behavior becomes worse, since the term
50 nm andt,, = 1.5nm, to obtain drain currer(t;,) and the (9°C(Vys)/0V,%) becomes substantial.
gate capacitancé’,). The threshold voltagéV;;,) of the de-  Fig. 3 shows simulateg,,,3 curves of an NMOS witht,, =
vice is about 0.02 V, which becomes a negative value for highs nm andL = 50 pm for different process and device condi-
drain bias due to short-channel effects. The dopant concentians. Here, the gate direct tunneling has not been considered.
tion of the poly-gatg N, ) is 2.5x 10" em~3 andw.,; is as- The solid line in Fig. 3(a) represents thgs curve in the pres-
sumed 1.0< 10" cm/s in the simulation. As a result, reasonence of the polydepletion effects fof, = 2.5 x 10'® cm=3,
able agreement can be obtainable betwgep and Cyov,,; The dotted line represents thg,3 curve when the polydeple-
atVy, = 2.0 V, as shown in Fig. 2; the discrepancy betweetion effects are not taken into account, in which the gate elec-
the two curves can be attributed to not having modeled the dsede is defined by a workfunction parameter. Note that there is
ternal source and drain resistance in the drain current formufe zero-crossing point ang,; amplitude is reduced as the gate
tion given by (2). bias increases in the absence of polydepletion effects, because
An ideal gate capacitance, in the strong inversion conditiodf nearly constant gate capacitance with respect to the gate bias.
should equal the total oxide capacitan€e, = ¢,./t,.. How- Also, overallg,,; at the higher gate bias is10 times less rel-
ever, the real gate capacitance in strong inversion is highly gatéve to the case in the presence of the polydepletion effects.
bias dependent, when the polydepletion effects are taken ifig. 3(b) showsy,,3 curves for differentV, values;g,,; am-
account, which can be expressed as [9]: plitude is reduced as th¥, value increases owing to the mini-
. mized polydepletion effects.
C(Vys) 2% Simulation results imply that the RF distortion will be de-
ox T tdptys . graded in scaled MOS with ultra-thin oxides, which results from
= (5) the nonlinear gate capacitance behavior under the influence of
\/t + 9qN = Vi — ¢s(Vys)) polydepletion effects, as expressed in (5).

gm3 =
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