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Body Bias Dependence of / f Noise in NMOS Transistors Metal Box
from Deep-Subthreshold to Strong Inversion Vps=1V
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Abstract—Dependence ol / f noise on the body-to-source junction bias
voltages Vgs) between—2.5 and 0.5 V for 0.25m NMOS transistors is
reported. In subthreshold, 1/ f noise is reduced by about one order of mag- Rp;
nitude when the body-to-source junction is forward biased by 0.5 VV¥zs)
compared to that for Vg = 0 V, which is due to increased depletion
layer capacitance as well as possibly due to an increased average distance
between oxide traps and carriers by the forward bias. On the contrary, in
strong inversion, 1/ f noise remains almost constant for the entiréVag
range.
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. INTRODUCTION

Low frequency noise of MOSFET's has been extensively studietig- 1. 1/f noise measurement setup on wafer level.
Based on the Hooge's mobility fluctuation model [1], [2], and
McWhorter's number fluctuation model [3], [4], the dependences of
MOSFET 1/f noise on bias [5]-[10], geometry [11], [12], process _
[13], and temperature [14] have been studied. Among the studieﬁ
for bias dependence, the gate and drain bias dependences have b«
widely studied, while the body bias dependencel@f noise has
been less extensively investigated. In particular, the effects of forwar
biasing body-to-source junction drf f noise of MOSFETSs have not
been previously investigated. This brief reports th#yf noise of
NMOS transistors can be significantly lowered in the subthreshol
region by slightly forward-biasing the body-to-source junctions. This
observation can be partially explained by a model based on the numb
fluctuation theory [3], [7]. In light of recent speed improvement of
MOS transistors, which has opened up the possibility of exploiting th
exponential characteristics of subthreshold operation in a wider ran¢
of analog circuits, this is unexpected good news. This can be used

Current Noise Spectral Density (S;4) [

triple-well analog CMOS technologies with isolated p-wells, which 1028101 1E 10° 157 BT
are being adopted to reduce the impact of substrate noise in mixe Frequency [Hz]

signal ICs [15], to decrease soft error rate (SER) in a DRAM [16], and

to improve latch-up immunity [17]. Fig. 2. Drain current noise power spectral density;qf for NMOS

(300 4+m/0.25m) at varying inversion conditiondt:s — V) and body-
to-source biasl(gs) in saturation regioni(ps = 1 V).
Il. EXPERIMENT

The_ noise and dc parameters were measured using NMOS tra 1 ﬁieep the current constant or to maintain the degree of inversion ap-
tors with a channel width, an effective channel length, and a gate ox

hick £30 0.25, d5 velv. Fi h . ximately the same. Keeping the current constant is also meaningful
thickness of 30gim, 0.25:m, and 5 nm, respectively. First, the transisg., o, e gircuit design point of view, since performance of analog cir-

tors were measured i (Vas—Vin) of ~0.2,-0.1,0,and 0.3when ¢ i are commonly compared at a given level of power consumption
the body-to-source voltagé’s) is 0 V. The corresponding drain-to- or de bias current

s_oulrce Eur:jent_s[bg) are 4“A’|60 ”',A' 500 #A, and 10 mt'f" respe(;]- Noise at the drain is amplified by a preamplifier (EG&G 5113) and
tively. The drain-to-source voltag&igs) was 1 V. Using these as the o ,q\req using an HP3561A Dynamic Spectrum Analyzer (DSA).

starting point,Vss was varied betweer 2.5 to 0.5 V andL/ f noise The measurement set up was kept in a shielded metal box except the
was measured on wafer and compared at constant current. Bec R and a computer, as shown in Fig. 1. DC parameters such as

changingVss madifies the threshold voltag& ), Vas was adjusted Ibs. gm» gae, Vini, and subthreshold slops) were measured using

an HP4155. Threshold voltagé+{n) was 0.51 V atigs = 0 V.
ChangingVss from —2.5t0 0.5 V decreasésru from 0.91t0 0.35V

) . ) L %nd increase$ from 78 to 110 mV/decade.
Manuscript received June 9, 2000. The review of this brief was arranged by
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1/f due to the gain roll-off associated with the low pass filter actio 101 T T i '

of the effective resistance and capacitance of the MOSFET and pre: _ ¢4 | 31 S:;g{)“& 4
plifier. This problem is particularly prominent whéir is smallbe- = s OID§=60],LA
cause the effective resistance of the MOSFET is high. Fig. 3 shows “*E 10y Bips=4A | 3
Vs dependence of/ f noise at 1 kHz for different inversion condi- = 1016 1
tions. In subthreshold, the noise is reduced by an order of magnitt % 1017 k * ¢ ¢ ¢ ¢ 000000 1
when the body-to- source junction is forward-biased. The noise redi 2 1018 o o o o o ]
tion becomes smaller as the silicon surface is more strongly invert %

At Vo = 0V, the noise is reduced by around 50%. A concern fc &. 1L S o o o 3
the noise analysis with the forward biased body-to-source junction g 1¢-20 | o] 4
the impact of the parasitic bipolar action. When a body-to-source jur 25 102! b ]
tion (base-emitter junction for the parasitic BJT) is forward biased t g = u u u = mag,

+0.5 V, the body-to-source junction currediz§) or base currentis & 1022 f . 1
10 nA. The current gain of the parasitic BJ¥g(r) is L atVps =1V © g2} i
andVgs = 0.5 V (maximumgg,r = 4.5). Hence, the collector cur- 4 , . , ,
rentof BJT (¢ = Irs X SryT) is negligibly small €10 nA) compared 39 2.0 -1.0 0.0 1.0

to the lowest fixed drain current of 4A. Clearly, these small bipolar Body-to-Source Bias (Vgs) [V]
currents cannot be the reason for the noise reduction of one order.

The current noise power spectral density at drain is given by (1) [ﬂg. 3.  Drain current noise power spectral densftyj versus body-to-source
bias (/gs) for NMOS (300.m/0.25m) at 1 kHz under various inversion

conditions withVpg = 1 V.

IBeq* AN, [t 1
Sid = — - —d 1
S BWATE )y (Cox 1 0o+ G Qo @ W 100 ' ' '
Ips=4 PA OCy,/Co

where W Measured S;y

Vr thermal voltage XT'/q); AComputed ;4

k Boltzmann’s constant; og

q = 1.6 x 107°C; 2

<
A i ; =
tunneling constant for electron; £ 1ol A Iy & o N N . |
T absolute temperature; ',3 éeA
Cox, Cp, Cit  oxide, depletion, and interface charge capacitanc%é o%n 2
. - °
) per unit a.1rea, r.espectl\./ely, . . ko ° ° ° ° °

N, Qn trap and inversion carrier density per unit area; ]

L effective channel length;

vy exponent ranging from 0.8 to 1.2. a
Equation (1) can be used to partially explain ig;s dependence of 0.1_30 _2‘0 _1'0 0'0 10
1/f noise from subthreshold to strong inversion. The denominator « ' ‘Body-to-Source.Bias (Vgg) [V]

the term inside the integral become$Cox + Cp + Cir)? in sub-

threshold, and-(Q,. /Vr)? in strong inversion [7]. In subthreshold, aFig. 4. Normalized drain current noise power spectral density)@nd sum

positive body bias reduces the depletion layer width, which increagéslepletion capacitance and interface state capacitdfieg & C'p + Crr)

the depletion capacitanc€’f). When a number of trapped carriersfor NMOS (300“'m/0'/25“m) [by Sia (Ves = 0 V) andCam (Vas = 0 V)] at

fluctuates, increase@p leads to an increased fluctuation of depletior?GT = —02Vandips =1V.

charges. This leads to a decreased fluctuation of inversion carriers and

current because of the charge conservation requirement [7]. This ishias almost negligible impact ¢fq if Q. (~Cox Var) is kept approx-

flected as the increase 6fp term in the denominator of (1), and asimately the same by keeping the current constant.

the decrease ifiiq with increasing forward-bias in Fig. 3. Fig. 4 shows Possible problems associated with forward biasing the

measureds;qy andCam (C'p + Crr) and computedsiq using (1) at body-to-source junction are a voltage gain degradation at a given

Ips = 4 pA. Sia’s andCan were normalized withb;q andCar at  power consumption related to a reduction @f./Ips, increased

Vis = 0V, respectively. latch-up susceptibility, and increased junction current and associated
This explanation can only partially explained the measurements. Tinereases in power consumption and shot noise. It should be possible

measured noise drops around twice as fast as the computed noise usirgffectively eliminate the latchup problem using triple well CMOS

the measured’y,,. This difference could be due to neglecting the potechnologies [17] and using Schottky Clamped Drain MOS transistors

sition dependence @4, and@.. in the noise computation, and due to[21]. For analog circuits with typically significant dc bias current,

an increase in the distance between oxide traps and free carriers catise@ffects of increased power consumption and shot noise due to the

by broadening of the inversion layer when the body-to-source junctigrcreased junction current can be made negligible by keepintighe

is forward biased [19], [20], which decreases the trapping and detrdgelow 0.5 V.

ping rates. Once an inversion layer is formed, the fluctuation of trappedin summary, an order of magnitud¢ f noise reduction is observed

charges becomes dominated by the charge exchange with the inversiban the body-to-source junction for NMOS transistors is slightly for-

layer. Because of this, in strong inversion, ig; dependence df/f  ward biased in subthreshold. The noise reduction increases as the tran-

noise arising from the charge exchange with the depletion layer tsistor is biased deeper into the subthreshold region. This is due to de-

comes weaker. In terms of (1)), /Vr term becomes much larger thancreased depletion charges as well as possibly due to increased average

Crt, Cp,andCox in strong inversion, and changif@s or Crr+Cpp  distance between the Si/SiGnterface and free carriers. This noise
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reduction can be utilized to improve the low-frequency noise perforEffective Channel Length and External Series Resistance
mance of analog circuits implemented in triple-well CMOS technoldviodels of Scaled LDD pMOSFETSs Operating in a Bi-MOS
gies [15]-[17]. Hybrid-Mode Environment

Siau Hing Lionel Seah, Kiat Seng Yeo, Jian Guo Ma, and
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and suggestions. Abstract—The effective channel lengthL .5 and total external series
resistance Rrotext Of deep submicron lightly doped drain (LDD)
pMOSFETSs, operating in a Bi-MOS hybrid-mode environment, have
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