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Abstract Si4» the induced gate noisg;,, and the correlation coefficient
Accurate compact modeling of induced gate noise is a preref-WNereg. and L. denote the channel conductance (Sa) and
uisite for RE CMOS circuit design. Existing models under£hannel length (6a), respectively. Eqs (8)—-(11) can be approx-
estimate the induced gate noise for short-channel devices. !faated by the well-known Van der Ziel model (12) [1], which
this paper, a new model is introduced, based on an improv&Ms the basis of, e.g., the BSIM4-model [11], by limiting the
Klaassen-Prins approach, which accurately accounts for veld€Sult to the saturation region, using a threshold-voltage-based
ity saturation. The model accurately describes noise witho[0d€l, and neglecting the impact of velocity saturation.

fitting any additional parameters. In _contrast, we _derive explicit equations for the induced gate
) noise (9)—(11) in the framework of oups-based compact
Introduction model, MOS Model 11 (MM11) [12], making the equations

Accurate compact modeling of noise is a prerequisite for R¥lid in all operation regions. This approach is an extension of
CMOS circuit design. At the RF-frequencies used, besides tioeir previous drain noise model [10]. In order to verify this new
drain current thermal noise also the induced gate noise playsedel, we compare it to a channel segmentation model which
important role. Over the years, several compact models for iautomatically includes an accurate description of induced gate
duced gate noise have been introduced [1-4]. Nevertheless,ralise [7,8]. As afirst step, we simulate an ideal MOSFET with-
of these models are based on the same Van der Ziel model [}t velocity saturation, see Fig. 2. In contrast to the Van der
which is only valid in saturation. In addition, the Van der ZielZiel model, ourys-based model gives an accurate description
model is based on the Klaassen-Prins (KP) equation [5], whidh all operation regions. Next, we simulate the same MOSFET,
does not accurately account for velocity saturation [6]. As a réhis time including velocity saturation, see Fig. 3. Again, our
sult, the above models are inaccurate for short-channel devicemdel (solid lines) can be interpreted as a more accurate ver-
and more accurate modeling for induced gate noise is needeglon of the Van der Ziel model. The description of drain noise
In a previous study [7,8], we modeled the induced gate noiseaccurate enough, keeping our previous results [10] still valid.
by using channel segmentation, which automatically results lhowever, the description of the induced gate noise and the
an accurate description of RF-noise. This accuracy is, howevegrrelation deviates considerably from the expected behaviour,
obtained at the expense of simulation speed. In this paper, Wee to the fact that the conventional KP-approach (4a) does not
introduce new compact equations for drain and induced gaterrectly account for the impact of velocity saturation.

noise bas_ed on _surface potentgl and, asa result, valid in Correct Incorporation of Velocity Saturation in Noise Model
all operation regions. In contrast to existing models, the new . . )
xt, we derive an improved KP-approach given by (4b),

model is based on a new improved Klaassen-Prins approact; X X X X
which accurately accounts for velocity saturation and is theré‘fhere fluctuations in the velocity saturation term are also taken

fore valid even for short-channel devices. Finally, the new coni2t0 account, compare (4a) and (4b). Using (4b), it can be
pact model is verified on measurements from the Grignd ~ SNOWnN that the same expressions (8)—(11) can be usef) for

0.12um technology node. Si, andc, where the corrected conductangeand the cor-
_ o rected channel length. are given by (5b) and (6b), repec-
hs-Based Noise Modeling in KP-Approach tively, which reduce to the conventional eqs (5a) and (6a) in

First, we investigate the accuracy of the conventional Klaasseifie absence of velocity saturation. Under the appropriate lin-
Prins approach [5], see Fig. 1. The drain currgnis calcu- €arizations, the improved approach can be solved in/the
lated from (1), where an accurate velocity saturation exprefamework. The improved model is also shown in Fig. 3
sion (2) has been incorporated £ 2) [9,10]. A thermal cur- (dashed lines). In general, it gives an accurate description of
rent noise sourcg, (3) and the resulting channel noise voltagedll noise currents including induced gate noise.

v are introduced in (1) to calculate the terminal noise curredthe above noise model has beenimplemented in MM11, where
iq, See (4a). Note that the noise in the velocity saturation terfhe impact of series resistance and short-channel effects (CLM,
is neglected in the conventional KP-approach. Due to the cRIBL, etc.) have been incorporated as well. To be able to
pacitive coupling between channel and gate, the noise voltagee the compact model for RF-applications, we furthermore
v will also induce a gate noise curreit given by (7). Us- extend the model with a gate resistor and a bulk resistance net-
ing (4a) and (7), we can derive eqs (8)—(11) for the drain noig&ork [7,8].



Experimental Results s-formulations and thus valid in all operation regions, but it
can also be derived fafr-based models. In contrast to existing

Noise measurements were performed on Art&nd 0.12m models, the model is based on an improved Klaassen-Prins ap-
RF CMOS technologies. Compact model parameters were ex- ' P P

; roach, which accurately accounts for velocity saturation. This
tracted from DC-measurements, and gate and bulk resistance . . .
. approach hardly affects drain noise, but considerably changes
values were determined from-parameter measurements. In

Fig. 4, noise results are shown fof.a= 0.5m MOSFET. The the induced gate noise. Our model accurately describes noise

new model based on the improved KP-approach is in excelle%?ta for all investigated devicesathout introduction of model

agreement with the data without any additional noise param%'::lrameters tofit the data.
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Conclusions

Drain-source channel currefi§: In = g(V) - 4¥ = 1. ‘ZI;B g(V)-dV 1)
where:g(V) = ﬁ = [go”(V) - (g—z)”}; , 9o(V)=—p-W-Qiny and E. =t /% )
Spatially uncorrelated Langevin noise souig@ntroduced:iy, (z) - i%(z') = 4-k-T - g(V) - Af - §(z — ') (3)
Conventional Klaassen-Prins (KP) approach: Improved Klaassen-Prins (KP) approach:

I +ia = |go?(V +v) — (%)p] A0 4G (4a) In +iq = {gop(v +o) - (bg—zd)”] LAY LG (4b)
gelV) = g(V) Ga) (V)= [25]" ) (5b)
Le=1L (6a) Le=L- [P g(V)-aV / JoE® g(v) -av (6b)
Gate noise, is calculated fromiy = —j - w - W - fOL Cgc - v-dx ()
Drain current spectral densitg;, = % = I‘]*D’“—LTZ - [gi(V)-dV (8)

Induced gate current spectral densify; = iiié = ARTW W2 o2 ([ g (V') - [Qe(V') — Qu(V)] -dV’)2 -dV - (9)

f In® L.
Cross-correlation spectral density;, .;, = iz’? = —j -2 [ 2 (V) (J9e(V!) - [Qe(V!) — Qg(V)]-dV') -dV (10)
. . Sio i
Correlation coefficiente = ——=&=d_ 11
\/Sig-Siy (11)
Van der Ziel model [1]:S;, =8/3 -k -T - gasy , Si, = 16/15- k- T - (w - CGS)2 /gas, ande = 0.395j (12)

Figure 1: Derivation of noise model, wherg and1)s denote the electron quasi-Fermi potential and the surface potential, respectively, at a
certain positiore in the channel@;,, and@, denote the inversion-layer and the gate charge density, respectively, which can be given in term:
of s, Cgc is the channel-to-gate capacitan&{ = —0Q;/dV), w is the angular frequency(= 2 - - f) andgas, is the conductance at

Vbs = 0. In conventional modelg = 1, however, for an accurate description of velocity saturgtien 2 [9,10].
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Figure 2: (a) Drain current spectral density;,, (b) gate current Figure 3: (a) Drain current spectral density;,, (b) gate current
spectral densityS;,, and (c) imaginary part of correlation coeffi- spectral densitys;,, and (c) imaginary part of correlation coefficient
cient ¢ as a function of gate biaBgs for an ideal (short-channel) c¢ as a function of gate biaBgs for an ideal (short-channel) MOS-
MOSFET without velocity saturation (i.e., vsats — 00). Symbols FET with velocity saturation (i.e.,vsas = 10°m/s). Symbols repre-
represent simulations with segmentation model, solid lines represes@nt simulations with segmentation model, solid lines represent model
new (s-based) noise model and dotted lines represent Van der Ziehsed on the conventional KP-approach (4a), dashed lines represent
model (12). (NMOSW/L = 216/0.1um, tox = 1.7nm, Vps =1V,  model based on the improved KP-approach (4b), and dotted lines
f =5.2GHz) represent Van der Ziel model (12). (NMOB//L = 216/0.1um,

tox = 1.7nm, Vps = 1V, f = 5.2GHz)
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Figure 5: (a) Drain current noise and (b) gate current noise versus
gate-source bias fat-channel devices with different channel length

NMOS 64x3/0.5 um

0.5 | i i
Voy=1.8 V; 125 GHz L. Symbols denote measurements, dashed lines denote Van der Ziel

model (12), and solid lines denote new model based on the improved
KP-approach (4b)—(6b). The new model gives accurate results for all
channel lengths. { = 5GHz andVps = 1.0V for L < 0.18um,

f =2.5GHz andVps = 1.8V for L > 0.5um)
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Figure 4: (a) Drain and gate current noise versus gate-source bias
and (b) versus drain-source bias, and (c) correlation coefficieat-

sus gate-source bias for &= 0.5um n-channel device iff.18m
CMOS technology. Symbols denote measurements, dashed lines de-
note the Van der Ziel model (12), and solid lines denote the new model
based on the improved KP-approach (4b)—(6b). The new model givEdgure 6: Contributions to the modeled gate current noiseFor=

an accurate description of all noise results, whereas the Van der Ziel3pm n-channel device, see Fig. § (= 5GHz, Vas = 0.85V,
model leads to a considerable underestimation of induced gate noiges = 1.0V). Noise from the gate resistance dominates, and can only
(up to 40%). The measured real part ofs slightly negative due be partly reduced by changing the MOSFET layout [7,8].

to non-quasi-static effects, which are not taken into account in this

model.




