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1 Introduction: LS processtechnology is scaing down to
under 0.1 um, and the supply voltagesto L sare decreasingin
proportiond to the scale-down. In the near future, the supply
voltageto andog circuitswill bebdow 1V. Therefore, akey
technology for the next-generation of andog circuitsis|ow-
voltageaperation of about 05 V. To demondrate the possihility of
lowering the supply voltagetolessthan 1V, wefaricaied a0.5-
V noise-shgping A/D converter using 0.35-umlow-threshold FD-
SOl CMOS processtechnology.

2. Meritsusng FD-SOI transstor for analog drauits

Very low diffuson cgpacitance and low legkage current of fully
depletion (FD) SOl transistor are beneficid for achieving low-
upply- valtageandog drcuits Fgure 1 (a) showsasmple push
pull amplifier circuit asan example of anandog drauit and Hg. 1
(b) isitsequivdent dircuit. The unity-gain frequency, whichisa
standard of performance, depends on the product of afirst pole
frequency and gain. The pole frequency can beimproved by
reducing the onresigance (1/gdp, L/gdn) and the parastic
cgpacitance (Cp, Cn). However, reducing the onressance
decreasesthe gain, becausethe gain dependson gmvgd. Therefore,
alow diffusion cagpacitancein SOI trandstorsisvery ussful for
improving performance. Furthermore, lowering Vthimproves
the unity-gain frequency in under-1-V operation dramaticdly, as
shown in FHg. 2. However, the leskage current incresses
exponentidly with decressing Vth, and comesto 10 % of thebias
current in analog circuitsin the case of acommon bulk CMOS
trandgor with Vth of nearly 015V, asshown Hg. 3. Inthiscase,
sometrouble occurs, such asanarrowing of the dynamic-range
and adipping off from the bias point dueto the I-R drop. So, the
low-leskage-current characterigtic of FD-SOI tranggtorsisvery
well suited for low-valtage-supply andog drcits

3. RCintegration swing-suppresson A/D converter:

We dready reported a 1-V operation noisesheping A/D
converter using bulk CMOS[ 1], to which we applied aRC

integration swing-suppression noise-shaping method. To apply
low-Vth (0.15 V) FD-SOl CMOStransgorsto it, we lowered

the operation voltage by 1/2 (0.5 V). Figure 4 showsthe swing-
uppresson A/D converter dircuit. Integrators which determine
the accuracy, were condructed by a RC continuoustime
integrator, because the characterigtics of this passve device are
not influenced by the supply valtage. A transstor thet operatesin
thetrioderegionis suitable for low-voltage operation, becauseit
will operate even if Vsd isnear zero. So, we gpplied the new
latched comparator shownin Hg. 5. All tranggtorsinit operatein
thetriode region. Inthis case, the body-floating effect of FD-SOI
trandstors does not influence the comparison accuracy. The
amplifier (Hg. 6) isthe only component whosetrandstors operate
inthe saturation region. Theinverted amplifier fixesinputstothe
virtud ground. Therefore, the narrow dynamic-range amplifier
duetolow voltage supply ispossbletouse

4. Resdlution: Figure 7 showsthelayout of thetest chip using
the 0.35-um FD-SOI CMOS process. The Vth of tranddtorsis
+ 0.15-V. Themeasured power spectrumisshownin Hg. 8. The
noisefloor isabout 90 dB, and second and third digortionsare
about —80 dB. The meesured SIN+THD isshown asafunction
of input level in Fg. 9, and the performance is summarized in
Table1. DRsof 78 (14-hit accuracy) and 59 dB (10-hit accuracy)
at the bandwidths of 20 and 200 kHz are obtained. The power-
consumptionis 1.3 mW a a0.5-V supply. The performanceis
good enough for the audio interface and digital communications
interfacesupto 400 kbps

5.Condudon: Wehave described a0.5-V operation noise-
shaping A/D converter using low-threshold FD-SOI tranggtors
S/Nsof 78 (14-hit accuracy) and 59 dB (10-hit accuracy) at
bandwidths of 20 and 200 kHz are obtained. Theseresultsshow
that andog dircuitsthat are operated near 0.5V canbebuilt usng
FD-SOI CMOStrandgtors
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Table 1 Performance S0 ] \
Signal bandwidth 20kHz | 200 kHz g 40 >
Resorution 14 bit 9 hit 2 30 \
SIN+THD 72 dB 55 dB S 50 3
DR 78 dB 59 dB 10 E
Supply voltage 05V
Input dynamic range 125 mV (Vdd/4) 0 O' - 10 ' 20 - 30 ' 40 - 50 ' '-60
Power consumption 1.3mwW Input signal level (dB)
Chip size 4mm x4 mm Fig. 9 Measured SN+THD preformance
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