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A Novel Logarithmic Current-Controlled
Current Amplifier (LCCA)

Karama M. Al-Tamimi and Munir A. A-Absi

Abstract—A new OTA-based logarithmic-control variable gaincontrols VGA circuits [6-9], however the logarithertontrol

current amplifier (LCCA) is presented. It consisfdwo Operational
Transconductance Amplifier (OTA) and two PMOS tisttss
biased in weak inversion region. The circuit opesdtom 0.6V DC
power supply and consumes 0.6 pW. The linear-dBtrothable
output range is 43 dB with maximum error less tileBdB. The
functionality of the proposed design was confirmethg HSPICE in
0.35pm CMOS process technology.

Keywords—LCCA, OTA, Logarithmic, VGA, Weak inversion,
Current-mode

. INTRODUCTION

OGARITHMIC amplifier produces an output that is

proportional to the logarithm of the input. Suchcuits
are used in applications that require compressioanalog
input data, linearization of transducers that hexponential
outputs, and analog multiplication and division.

In certain applications, a signal may be too laige
magnitude for a particular system to handle. Thante
dynamic range is often used to describe the raofe
voltages/currents contained in signal. In thesesahe signal
voltage must be scaled down by a process calledakig
compression so that it can be properly handlechbysystem.
If linear circuit is used to scale down the amml@uof the
signal, the lower voltages/currents are reducedhieysame
percentage as the higher voltages/currents. Lirsgnal
compression often results in the lower voltagesrréous
becoming obscured by noise and difficult to acalyat
distinguish. To overcome this problem, signal witrge
dynamic range can be compressed using logarithintigit In
logarithmic signal compression the higher voltagesénts
are reduced by a greater percentage than the leolEges,
thus keeping the lower voltage signals from beosj In noise
[1]. In addition to that, the circuits that have thain which is
logarithmically controlled will be a very useful drvery
attractive in many applications.

It is well known, the Variable Gain Amplifier (VGAJircuit
is an important building block for an Automatic Gatontrol
(AGC) applications e.g. in communication
instrumentation systems [2-5]. There are many e&ptial-
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andwith reference to Fig.

VGA circuits are very rare to see in recent yeafs [L1].

Nowadays, the demand for portable operation ofteleic
systems has lead to the trend of designing cirauits low
voltage and low power consumption. One possiblehoteto
realize the low-power consumption circuits is toegte
MOSFETSs in the weak inversion region [12-17]. listhaper,
a new low-power and low-voltage logarithmic-contvatiable
gain current amplifier is developed. In sectiond2scription
and mathematical analysis of the proposed desigresented.
Simulation results and discussion are presenteskation 3.
The paper conclusion is presented in section 4.

Il. PROPOSEDLOGARITHMIC-CONTROLVGA CIRCUIT

The block diagram of the proposed design is showigj.
1. It consists of two OTAs, current mirror and twd10S
transistors biased in weak inversion region usedorent to-

voltage conversion.
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Fig. 1 Block diagram of the proposed design
1, the output current ld OTA is
given by:

l = gm(vl _Vz) (1)

out

Whereg - I , the
" nU,

inversion region used in the OTAs, \nd \5 are the two
input voltages. The controlled currents, and |, are

converted to voltages;Vand V5 in logarithmic form through

transconductance of MOS in weak
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transistors Ms and Mg respectively according to the following
equations;

|

Where Vv, is the supply voltage and Vg, is the source to

X
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gate voltage, ;= KT s the thermal voltage, n is the dope
q

factor and | istheleakage current of the MOSFET.

Combining equations (1), (2) and (3), it is easy to show that
the output currents of OTA1 and OTA2 are given by (4) and
(5) expressed:

()

According to equation (7) a variable-gain current amplifier
can be realized and its gain can be logarithmically controlled
by the currents |  and | y:

The complete circuit diagram of the proposed design is
shown in Fig. 2. Transistors M1-M4 and M7-M 10 form OTA;
and OTA, respectively. Transistors M11& M12 form the
current mirror required to mirror |, into transistor M12.

1. SIMULATION RESULTS AND DISCUSSION

The proposed design was simulated using HSPICE level 49
in 0.35um 2p4m CMOS process technology. The results
obtained at|__ =100nA, 1|, =100nA, |, =100nAand
Vpp = -Vs= 0.6V. The output current was measured by
forcing it through a grounded load resistor R, =10kQ . The

| —[I + Vo ] In(lyJ (4 control current | ~was varied from 10 nA to 500 nA and the
. o2 I measured gain range is around 43 dB. The simulation result is
shownin Fig 3.
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Fig. 2 Complete circuit diagram of proposed design

With reference to Fig. 1 and from (4) and (5) the output
current is given by:

ot = ot = 1o

(6)

The amplifier gainisgiven by:

49

It appears from Fig. 3 that the ssimulated results are in a
good agreement with the theoretical one, which confirms the
functionality of the developed design.

Fig. 4 shows the error between the simulated results and the
theoretical values. The maximum simulated error is 1.65dB%

which occurred a normalized currentLv:O'gg and

X

I, =100nA, however most of the simulated errors are less
than 0.5dB%. The simulated maximum power consumption

7
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folrc;[he proposed design is around (O\.
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Fig. 3 Simulation results of the proposed VGAX(: 100nA,
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IV. CONCLUSION

In this paper, a new OTA-based logarithmic-cont/GICA
is developed. The design enjoys simplicity andaative for
integration. This block can be a very useful bléckanalog
signal processing circuits and systems. The desfgrates
from low voltage supply and consumes very small am@f
power.
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