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AC Floating Body Effects in Partially Depleted
Floating Body SOI nMOS Operated at Elevated
Temperature: An Analog Circuit Prospective
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Abstract—AC floating body effects in PD SOl nMOSFETSs op-
erated at high temperature are investigated. Both source/body and
drain/body junction diode characteristics are greatly influenced
by temperature, significantly impacting the ac kink effect as well
as low-frequency (LF) noise characteristics. This is especially true
for the pre-dc kink operation at high temperature. The increase of
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junction thermal generation current becomes an important body g 08
charging source and induces the LF Lorentzian-like excess noise. é
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|. INTRODUCTION L N
HE higher density integration of CMOS on a single 0

chip and the higher system operating frequency continue
to increase the power dissipation density. These result in an
increased operating temperature and raise the concern for ?Ieatl
management [1]. In addition, there is increasing demand QI function of temperature (From left to right, the measured frequencies are
using CMOS integrated circuit technologies for high-ten®o, 100, 1 k, 10 k, 100 k, and 1 MHz). Arc indicates the convergenc@f
perature electronics. However, the severe junction leak %Zcfgﬁsﬁ():sm the low frequency range. The inset shows the subthreshold
current significantly deteriorates the correct operation of bot '
high-temperature digital and analog integrated circuits, pre-
venting bulk CMOS technology from operating beyond 200 [l. DEVICE AND EXPERIMENTAL RESULT
[2]. The reduced junction area in SOl MOSFET technology .
provides a much lower leakage current and a larger noiseA 0.45:m surfa<_:e cr_lannel partially depl_eted SOI MQSFET
margin, suggesting that SOI digital circuits can be operat focess was usgd in this study [7]. Gate oxide, silicon film, and
at temperatures up to 40 [2]. Only a few papers address uried QX|de thicknesses are 10.5 nm, _100. nm, and 360 nm,
the influence of high temperature on SOI analog applicatioﬁ%s.pecnvely' The temperature characterization was performed
[3], [4]. At room temperature, ac floating body effects havd>Ng @ Lakeshore_ModuIar Test DeV_VaF System where the tem-
significantly impacted SOI analog circuit performance, such perature was precisely cor_1tro||ed within 0.1 K. The tem_pera-
degraded linearity due to the kink on output conductaies) ture dependence of ac floating body effects was charactgrlzed by
[5] and higher phase noise due to low-frequency (LF) noiéjeOth ac output condgctan_ce and Iow-frequency(LF) noise mea-
overshoot [6]. This is especially true for partially-deplete urgments,as deS(_:nbed n [8]. I?re—.and post-kmkope.ratmns are
(PD) SOI MOSFETs. In this study, ac floating body effects a efined as the devices with drain biases lower and higher than

explored in a wide temperature range. ¢ kink onsgt voltage. ,
As operation temperature increases, the subthreshold slope
(atVps = 0.1 V) degrades. The dc subthreshold kink still exists
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effects (kink onGpg shifts toward higher drain bias as frequency increases,
wherefy;.. can be extracted from the peakdffips /dVps) as the devices are
biased in the pre- and post-dc kink regiorvatr = 0.2 V. (Gray symbols: 218

K, opaque symbols: 298 K, filled symbols: 358 K, and meshed symbols: 423
K).

Fig. 2. Low-frequency noise characteristics of a Qi PD floating body
SOI nMOS biased dt'«;r = 0.2 V as a function of drain bias for (&) = 298
Kand (b)T" = 398 K. Arrows indicate the corner frequendy at different
drain biases and the dashed line represents anigdgahoise spectrum.

10-7 E . 10-10
digital circuits. While the power dissipation is the primary con- 0% L2 j\N: 1o
cernindigital SOl device design, itisimportantto investigateac ~ _ \ ZQ 1012
small signal behavior for analog applications, especially the ac Nﬁ 10” e 304
output conductancfGps). As shown in Fig. 1, both the onset > 10_10; o ) 1o
of the kink (spike) inGpg(f) at low frequency shifts toward 2
a lower drain bias and the magnitude of the kink is reduced as 5 107 ¢
the operating temperature increases from 218 K to room tem- é o2 i
perature (RT). The former shows a reverse trend as temperature 3 F 00 1 218K
continues to increase higher than 373 K and ¢hg; curves 2 10 0p 2,208k
converge at the lower frequeneyl kHz at7" = 398 K. é o b 335K
Low-frequency (LF) noise is an important figure-of-merit for P ook T 5
RF analog circuits. PD floating body SOl nMOS exhibits a kink- 1 10 100 1k 10k 100k

related Lorentzian-like noise overshoot (characterized by a flat Frequency (Hz)

plateau followed by a/f2 roll-off atthe corner frequencyl) Fig. 4. Pre-kink excess noise of a PD floating body SOI nMOS biased at
superimposed on the pUI¢f noise [8] AtRT, fo shifts from ‘DS = 0.75 V andVgr = 0.2 V as a function of te);nperature. The inset
Hz to above 100 kHz as the drain bias increases away fr@fdws the weak temperature dependence of post-kink excess noise at higher
dc kink onset voltage (0.95 V dtgr = 0.2 V), as shown in drain biasesi(ps = 1.5V and 1.75 V).

Fig. 2(a). As operating temperature increases (£.g-=,398 K), i}

the noise overshoot at higher drain bias (6§s = 1.5V and Wheren; = 38 700-7"°-exp(—7000/7") and the other parame-
1.75 V) remains at a similar magnitude, as shown in the inst&rs are listed in [12]. As temperature increases, the onset of im-
of Fig. 4. Itis important to note that as the drain biases near tAact ionization shifts toward lower drain bias. Therefore, at the
dc kink onset voltage, the LF noise overshoot characteristics &fne drain bias, close to the dc kink onset voltage, the increase
a strong function of temperature for both the corner frequen€y impact ionization current/;) at higher temperature shifts

(fO) and overshoot magnitude, as shown in Fig. 2(b). the ac kink effect orf7pg toward lower drain bias [11]. Butr
also increases as operating temperature increases, resulting in a

reduced kink magnitude i¥ps and the convergence of lower
frequencyGps curves. This phenomenon is similar to fully-de-
AC kink effect has been attributed to the frequency depeBleted SOINMOS measurements at room temperature [5] where
dence of the body voltage due to the source/body (S/B) junctién increases as the S/B junction barrier drastically decreases.
ac characteristics [9], especially for S/B junction diode satura- The temperature dependence of S/B junction characteristics

tion current,/z. S/B junction diode current can be described a&s0 affects LF Lorentzian-like noise overshoot in floating body
SOI MOSFETSs. Based on the correlation between post-dc kink

noise overshoot and ac kink effects at room temperature [8],

I1l. DISCUSSION

Isp = Aq@ S(e¥ER/VT ) operating at 398 K, the convergence of @ps curves up to
LN 1 kHz results in LF noise overshoot suppression below 1 kHz.
+ Aqﬂ . (GVSR/QVT —1) This has been confirmed by noise measurement data presented
27, in Fig. 2 and the correlation of post-dc kink behaviors mentioned

=1Ig-(e"sn/"Y7 _ 1), (1) above exists for a wide temperature range (Fig. 3). In addition,
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Fig. 4 shows the temperature dependence of the pre-kink (ermise characteristics. The increasd gf by reducing S/B junc-

Vbs = 0.75 V) excess noise behavigf shifts from 6 Hz at tion barrier using fully-depleted (FD) operation, can suppress ac
T =298 Kto 1 kHz atT = 423 K and the purel/f noise is floating body effects [6]. The reduced depletion width as tem-
observed at lower temperature operatigh+£ 218 K). While perature increases makes it difficult to realize the FD mode op-
the impact ionization current is negligible at lower drain biagrating at high temperatures. Therefore, body contacts can be an
the data suggests that drain/body (D/B) reverse junction thermation for high temperature low noise SOI analog applications.
generation currentls;) is also an important charging source

[12]. Therefore, the low-frequency excess noise model [13] as ACKNOWLEDGMENT

well as ac floating body effect have to take into account both
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