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Absiraci-This paper proposed a "pseudoexponential" current-to-voltage converter with tunable
input dynamic ranges. T h e proposed circuit uses CMOS
transistors in saturation region. The feasibility of this
circuit was verified through simulations a t 1.5 V supply
voltage, using 0.25 pm CMOS process. The results show
30 d B range with the error less than f 0.5 dB. The
proposed circuit can be used for the design of an
extremely low-voltage and low-power variable gain
amplifier (VGA) and automatic gain control (AGC).

1.Introduction
Among the mostly used circuits in mixed signal VLSI
circuits are VGAs and AGCs, which play an important role
.in telecommunications applications, medical equipment,
hearing aid, disk drives and others [l-31. The key component
for the design of VGAs and AGCs is the exponential
function generator. Unfortunately, there is no intrinsic
logarithmic MOS device that operates in saturation region,
which is necessary to design such generators. Therefore, to
generate exponential characteristics, two following methods
are used. The first one is based on a "pseudo-exponential''
generator [ I 4 1 in which the exponential characteristics can
be approximated as

1-M
where (2 and x are the coefficient and the independent
variable, respectively. The second method uses Taylor series
expansion for realizing the exponential characteristics [5-91
in which the exponential characteristic can be expressed as
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The approximation equation, obtained by eliminating the
higher order terms of Eq.(1') with small error for lax1 << I ,
can be written as
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Typically, the "pseudo-exponential" generator is of
particular interest since it provides larger dB-linear range
(about 15 dB with the error < f 0.5 dB) compared to that of
the other one. Moreover, the input range is symmetric. The
comparison of these two methods is given in Fig. 1.
Obviously, the function, e2nar;,
will have the output
range multiplied by n times compared to that of the function
e 2 ClT
as shown in Fig. 1.
This paper proposed an all CMOS exponential currentto-voltage converter for n = 2. The proposed circuit is based
on the current-mode functional circuit [9], which has
advantages that it can operate at extremely low-voltage
applications, and its input voltage swing can be tunable
easily. Moreover, the circuit is very independence on the
temperature. The Simulation results will be given to verify
the validity of this approach.
The organization of this papers is as follows: section 2
presents the current-mode functional circuit [9], section 3
proposes the completed circuit implementation based on
section 2 and discusses the simulation results, and section 4
is the conclusions.

2. Current-mode functional Circuit design
The currentmode functional circuit in this section is
adopted from [9] where all transistors are supposed to be in
saturation region. Then the drain currents of transistors M5
and M6 in Fig. 2 (b) are given as

It

is

shown

IOU,= I,,,,

from

+ IdM6of

[IO] that the output current,
the circuit in Fig. 2 (b) can be

given as

I,, = - 1
K ( V , -2V,Y

Also, the "pseudo-exponential" can be implemented as
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using the bias circuit as shown in Fig. 2 (a), the Eq. (5) can
be written as

I,,, +AI,", -
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00)
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where A
h
' = No/{,
.From Eq. (lo), it is obvious that
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where

the

is

Io

given

as I o = (K/4)(V2- 2V,

andl, = I,,,, -I,,,,
as
shown in Fig. 2@).
In order to keep all devices in the ON state the input current
should be in the range

while the temperature changes, both of the numerator and
denominator of Eq. ( I O ) are all increased or decreased, such
that the circuit in Fig. 3 is very insensitive to the
temperature.
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Fig. 1 Plots of various functions on dB-scale
Fig. 2 (a) The bias circuit for the circuit in (b)
@)The current-mode building block for proposed
exponential approximation.

The completed circuit implementations of the Eq. (5) is
given in Fig. 3. It can be shown that the output current, IOU,,
in Fig. 3 can be written as
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exponential approximation in
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Eq.(2) is achieved and given as
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The current, Io.,, is thus an exponential approximation
function of the input current I,, where a = ll(klIo).
Consider the temperature stability of the circuit in Fig.3,
as the temperature changes, assume that the bias current and
the output current will be vaned by Io + AIo, and I., + AIout,
respectively. From Eq. (7) the following equation applies

because M o / I o
<< 1, the Eq. (9) can be simplified as
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Fig. 3 The circuit implementation of the Eq. (2) based on
the current-mode block shown in Fig. 2
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3. The proposed “pseudo-exponential’’
current-to-voltage converter and simulation
results
As presented earlier, the current-mode functional circuit
has its transfer function shown in Eq. (7). For the inverse
input current, the output current will be given as

respectively. As shown in Fig. 4, the current mirror M10MI1 is used to direct the current I,,, to the drain of
transistors MI2 and M14, which operates in saturation
region. The other current I,,,I is also directed to the drain
current of transistor M13, which IS in triode region. A
constant resistance, Rim,seen at the common drain node of
the two diode connected transistors MI2 and MI4 can given
as [dl

this resistance converts the current IOU, to a gate voltage of
transistor M13, VG.M13.
Transistor MI3 operates in the triode
region and acts as a voltage controlled resistor. For small
drain-source voltages, the resistance exhibited by MI3 is

from Eq. (7) and (1 I), the division of these two currents
leads to the following equation

R,,
1/KM13(VG3
- VTn).Hence, I,,, flows through
MI3 and generates a drain-source voltage, VDs= RosI,.,,,
proportional to I o u , , / I ~ u ~
The feasibility of this circuit was verified through
simulations, using 0.25 pm CMOS process at 1.5 V supply
voltage. The simulation results are shown in Fig. 5, which
shows 30 dB control range with the linearity error less than +_
0.5 dB. For different bias current Io, the input dynamic
ranges are adjusted. The solid curve in Fig.5 is given for lo =
40 PA. The proposed circuit consumes very low power that
depends on the input dynamic range as shown in Table.1.
For small input range, the k2 is slightly changed such that the
dB output voltage ranges are reduced as shown in Fig. 5 by
the dashed and dash-dotted cuwes.

for k2 = 2, the Eq. (12) can be written as

where y = Ih/(kllo).
The circuit implementation ofEq. (13) is given in Fig. 4,
where two identical current-mode functional circuits shown
in Fig. 3 are used to generate two signals IOU, and I,,,,

Fig. 4 The proposed “psendo-erponential” current-to-voltage converter
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Fig. 5 The simulation results of the proposed circuit
shown in Fig. 4 for various Io.
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