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Abstract: This paper describes the DC and high frequency characteristics of a dynamic threshold DTMOS r- channel device,
fabricated wihin a low cost C(MOS SOC process which also includes high density embedded DRAM . The DI'MOS device de-
sign in this process was prevbusly found to be superior to both grounded body ( GB) and floating body (¥B) MOSFEI's. This
DTMOS device achieves kink free behavior, wih g,.= 936HS/Hm, g,.= 36 US/Hm, [, /I4= 210HA/ 0.1 pA, S= 67
mV/dec, andf,, =32 GHz at V= 1V. These DIMOS devices are excellent for sub-volt embedded baseband circuits
wih sufficient performance for RF front-end circuits, thus enabling the combination of embedded DRAM, digital, analog,
and RF crcuit cores in, ultralow-power, low-cost SOCs.
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0 Introduction

By scaling MOSFET' channel lengths to the 100 nm regime, CMOS is rapidly becoming a serious option for
many low-power, wireless RF applications that were previously considered to be the exclusive domain of more expen-
sive SiGe BICMOS and GaAs technologies. However, there are severe limitations to achieving digital, analog, and
especially RF and DRAM integration on a single CMOS SOC. Fortunately, SOI offers solutions to several of these
integration problems, including reduced power dissipation and capacitances, reduced substrate coupling and losses,
simplified well processing, reduced latchup, reduced SER, and improved DRAM retention. However, floating-body
PDSOI devices must contend with nor linearity, excess 1/f noise, and reduced output resistance, due to the para-
sitic bipolar action in the body. The Dynamic Threshold ( DTMOS) mode of device operation, where the floating
body/ well is tied to the gate, has recently been investigated as an ideal SOI device implementation for sub-volt ana-
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log and RF circuits'~ " .

1 Process/ Device Description

The devices used in this work were processed in a lowcost 0. 15Hm ~ Tabel Process and Device Parameters
bulk CMOS DRAM process that was mapped onto low-dose SIMOX sub- SIMOX, T 4= 150 m, T, = 200mm
T = 40 nm

sirates (Table 1) . This process utilizes nitrided 4 nm gate oxide and WSix

L, .=0. 15Hm

min

poly gates, without silicided source/ drains. Shallow S/ D extensions, ret
rograde body, and halo implants were used to improve short channel behavior and reduce parasitic BJT' action. A
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new compact “ H-gate” DIMOS trarsistor layout was used to minimize area and parasitic capacitance ( Fig. 1).

2 Results & Discussion

Table 2 summarizes the NMOS and PMOS device results for GB,
FB, and DT modes of device operation at Vpp= 1V. In most catego-
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ries, the DI' mode shows substantial advantages, particularly in
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formance, with the FB device in between. Figs. 2~ 3 show the input i

charaderistics. At one volt, the DINMOS draws an input current of 1 s § « & =

i L=}

HA/Hm, with a drive current of 206 HA/Hm, a transconductance of Fg.1 Layout of the compact “ H-gate” interdigi-
936 BS/Hm, and an output wnductance of only 36 HS/HPm. The sane tgztl:daggzlafw?ogg;;ar ;ﬁnfeﬁojsirrbi:esg;
device has an I 4= 0. 13 pA/Hm, due to 0.20V of dynamic V, shift. of the device. This W= 20H1m block is replicated 8
The PMOS device has a lower V;, but exhibits 0. 30 V of dynamic V, fimes o builda W= 160Hm RE transistor

shift. Figs. 4~ 5 show the output characteristics. The DINMOS does mot exhibit the kink and degraded g .. like the
floating body device. Fig. 6 shows I, vs. [ for the DINMOS. These are excellent analog properties, in addition to
much lower 1/f noise for DTIMOS devices published recently[ *' . Microwave test structures were fabricated and tested
using a Cascade/HP8510C VNA S-parameter system. Fig. 7 shows the maximum power gain vs. Ler for the DIMOS
devices. Figs. 8~ 9 show the device power and current gain vs. frequency. These results demorstrate the capablity

of this technology to support enbedded RF circuits. F. is 32 GHz for DINMOS and 20 GHz for DTPMOS at Vip
= 1V. By scaling L. of the DTMOS device to 50 nom, F > 100 GHz should be adhieveable.
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Fig. 2 CMOS subthreshold characteristics at Vp= 1V, showing Fig 3 CMOS tramsconductance at Vp= 1V, showing
nearly ideal S for DT and a high V, for the DRAM NMOS. a 3X improvement for DTNMOS and 2X for DTPMOS.
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Fig.4 CMOS drive current at V=1V, showing a 2. 5X Fig 5 CMOS output conductance at V;= 1V, showing similar
improvement for DTNMOS and 1. 5X for DTPMOS. results, except for the obvious FB kink.



Kim C S, e al : Optimizing Dynamie Threshold DI'MOS Device Performance in an SOI Embedded DRAM Technology

Ia/fA

Gain/dB

1°
107 |
10} [
10°
0 50 100 150 200 250
I/ tA
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Fig. 8 Gain vs. frequencyat V= V=1V, L= 0 15im,

W= 160 Hm for a DTNMOS RF transistor.
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Fig 7 Maximum power gain frequency vs. channel length for
the DINMOS, showing potential performance possible by scaling.
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Fig.9 Gain vs. frequency at V= V= -1V, L= 0 15Uim,
W= 160 Em for a DTPMOS RF transistor.

Table 2 Device Resu ts

Parm

Units Grounded Body Floating Body DIMOS
nmos pmos nmos pmos nmos pmos
Ion uA/ um 75 92 87 93 206 145
Lo pA/ um 0.11 216 018 220 0.13 238
|4 \% 0.67 - 045 0 66 -0.45 0.86 -0.75
S mV/ dc 75 87 75 87 67 8
G, uS/ um 291 206 2% 207 %36 451
& uS/ um P 33 68 33 36 R
L CHz 2 15 25 17 2 20
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