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Abstract: This is a report on a high frequency response

and low static power dissipation logarithmic and v |
antilogarithmic circuit generated by a single MOS Viwr % out
transistor operating in a weak inversion mode vitke V
gate—to—substrate (G-B) biasing technique. A coiepar VGBﬁ v f{

of the simulation results and the measurementsdg/s in T

this paperThe simulation results are generated by PSPICE

with AMS 0.8um technology. The simulation resulte a = =
also compared with the case of conventional biasing

technique. The comparison intriguingly reveals thiz i (@) . i (b)
frequency response of the proposed circuit is 4Bleg _ Fig.1 G-B biasing technique
higher than that of the conventional circuit; itati power (@) antilogarithmic circuit (b) logarithmic circuit
consumption is zero watt due to none of biasingenirto

operate the device when there is no input signal. 3. Experimental method
Logarithmic and antilogarithmic functions ofthe posed
1. Introduction circuits were confirmed by measurements. The -V

characteristics of an n-channel MOS transistorfiegrithe
validation of the proposed idea. Specimen wereidated
using a standard 0.8um CMOS process with polysilico
gates with gate oxide thickness ¢f 25 nm; and shallow

Traditionally, logarithmic and antilogarithmic fuimn  rénch isolation was used. A constant gate width,=W

circuit are genearted by using Operation Amplifigp- 40Hm and gate lengths, L = 0.8 pm. The DC chariatitey
Amp) [1-3], bipolar transistor [4,5] and MOS trastsir  Were measured using the HP4156B precisions

operating in a strong inversion mode [6]. The dizaeks semiconductor parameter analyzer. I-_V charactes’sti
of the above technique are high power consumptior{“easureme”ts were performed on wafer in a shigidauke

expensive, complexity and large silicon area. Powept@tion. Experimental setup is shown in Fig.2.

consumption concern of log and anti-log functionghw
MOS technology is eased when MOS operation is iakwe

Logarithmic and antilogarithmic functions are wiglelsed
in many applications; for example, instrumentatjons
telecommunications, neural networks, medical eqeipts)
active filters, and arithmetical operation circuitte [1-9].

inversion. Nevertheless, its consequence is théaliimns |:|E 82 O
to low speed and low frequency applications. Toagck a T e m GPiB
frequency aspect, MOS operation in strong inversiih a
pseudo-exponential and translinear circuit wasothiced, - Computer
but the pay-off is the higher number of MOS devieesl =l (5w orain [ I cete
hence power consumption. This work proposes a high .
frequency and low static power dissipation logamiit and e ml =1 [E source [T [T substrate
antilogarithmic circuit by using the G-B biasingi@ique o ‘
on a single MOS transistor operating in weak iners Probe station

ESD Protection

2. G-B biasing technique Principle

The design of a logarithmic and anti-logarithmiccait Fig. 2 Configuration of measurement
using Gate-to-Substrate, G-B (where the subscrigeibte )
the bulk silicon) biasing technique has been iniosdl by 4. Experimental Results

Al-Absi [10]. In this technique, Gate-to-Substraseused An n-channel MOSFET was biased with our proposed
for biasing transistor; and the input signal isl@gpat the —configuration of Vi, =07V  to ensure its mode of
drain terminal either as voltage or current as showFig.1.  operation is in weak inversion mode. An anti-lotfariic
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function is achieved when input signal is voltaggnal,
Vs While a logarithmic function is attained when ibpu

signal is current signal, .. . Fig. 3 and Fig.4 depict the I-V

characteristic of the MOS operating under our psepo
configuration for anti-log and log functions, resfeely.

A solid line represents measurement while a da-lin
represent a simulation result based on theory ofSMO
operating in weak inversion.
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The well-known drain-source current of MOS in weak
inversion is given below [11]:

Ve —NVps
v,
los =1po-€ ™ @

where

Vs is Gate-Body voltage,

V7 is the thermal voltage ks T/ q

Ipo is the specific current 2« n «f « \j?

B is the transfer parameten= Coy * Wt/ Legt
and n is slop factor of curve

Eq(1) shows that thips is an exponential function with
the \ps, and logarithemic function occurs when the input
signal is the V¥s. The comparison between the
measurements and simulation based on theory deagre
with each other.

The major contribution of this work is its high
frequency response of log and anti-log functionsegeted
by MOS with weak inversion. The figure of merit of
frequency response is verified by simulation resulin on
PSPICE. A set of SPICE parameters for simulator was
chosen from AMS 0.8um CMOS technology. The
comparison of the frequency response between the
proposed configuration and the conventional tealmiq
with weak inversion is depicted in Fig.5. AC vokagf
1Vp-p was applied to the simulator; and the opegati
frequency was swept upto 10MHz. The output signal,
I ,s for an anti-log configuration and/ps for a log

configuration were monitored. Fig. 5(a) shows tié aff
frequency of a conventional technique (17.347Hz) Biy.
5(b) and 5(c) are shown the cut-off frequency of th
proposed  configuration of the  antilogarithmic
(781.618kHz) and the logarithmic circuit (784.75@%H
respectively. The results in Fig.5 clearly exhilihie
superior frequency of the proposed configuration
comparing with that of a conventional. The cut-off
frequency of this work is almost 45k times betteart a
conventional.

Another way to exhibit a long and anti-log funcisoof
the proposed configuration operating in high freuye the
plot of a voltage input and a current output isvehadn
Fig.6. The input signal voltage is a 200mV peakpéak
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triangular wave of 780 kHz frequency. The corresiion
output is still parabolic. Moreover, additional adtage of
the G-B biasing technique is that the static power
dissipation is zero since the there is no curreatvd from

the bias voltage.
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Fig. 6 simulation results for “antilogarithmic (a) and
logarithmic (b)” a triangular input wave form

5. Conclusions
High frequency response and low static power diggp
of a logarithmic and antilogarithmic circuit using-B
biasing technique in weak inversion have been tiyated.
The simulation and measurement results reveal that,
relationship betweenm ¢ andV is in logarithemic form

due to the mode of operation is in weak inversidhe
simulations, calculations and measuremetns agred wi
each other. Moreover, this technique offers a tsgbed
frequency of operation and zero static power d&®p
with the gate-to-substarte biasing technique. .

References

[1] A.B. Grebene, “Bipolar and MOS integrated Citcu
Design”, John Wiley & Sons, New York.1984.

[2] D.L. Grundy, “A computational approach to VLSI
analog Design”, journal of VLSI signal processirgy,
pp.53-60,1994.

[3] Y.B. Acharya and P.D.Vyavahare, “A low-current
logarithmic LED electrometer”, IEEE Trans. Inatrum.
Meas.,49, pp. 5-9, 2000.

[4] R.F. Wolffenbuttel,“Digitally programmable ac@ie
current source for logarithmic control of the arfipéition



or attenuation in again cell’, IEEE J. Solid-Stafrc.,
Vol.23, pp.767-773,1988.

[5] K. Kumwachara, “Low voltage current mode power
factor function generator”, IEICE Trans. fundamégta
Vol. E83-A, No.2, pp.172-177, 2000.

[6] A. Motamed, C.Hwang and M.Ismail, “CMOS
exponential current-to-voltage converter,” elecicen
letter, Vol.33 No.12, pp.998-1000" Sune, 1997.

[7] C. Mead, “Analog VLSI and neural systems”, Aslain-
Wesley, 1989.

[8] L. Moini, “Vision chips or seeing silicon”, trd
revision, chapter 7, 1997.

[9] F. Bergouignan, N. Abouchi, R. Grisel, G. @Gaihnd J.
Caranana, “Designs of a logarithmic and exponential
amplifiers using current conveyors”, the third IEEE
international conference on electronics circuitsd an
systems(ICECS’96), Rodos, Greece, pp.61-64, 1996.

[10] M. Al-Absi, “A new biasing technique for the @5
transistor and its applications in analogue IC glEsi
PhD Thesis, UMIST, Manchester, 2002.

[11] G.A.S. Machado, C.C Enz and M. Bucher,
“Estimating key parameters in the EKV MOST model fo
anlalogue design and simulation”, proc. Of the IHBE
Symposium on circuits and systems, pp.1588-1599519

1072



