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Wide-Dynamic-Range and High-Sensitivity Current-to-Voltage Converters

Chunyan Wang

A wide dynamic range and a high sensitivity are often incompatible with each other in analog
circuits, such as signal converters or amplifiers. In this paper, we present a method of developing
current-to-voltage converters featuring both. It comprises two current-to-voltage conversions. One is to
convert the DC component, i.e. the average level of the current input, into a voltage with a nonlinear
compression. The other is to apply a “linear” conversion to the signal component of the input current.
This conversion is considered to be “linear” as the gain is made to be almost constant if the varying
signal is rippling at a given current level, and to increase if the level is changed to be lower. Hence, the
gain is adaptive to the input current, i.e. getting stronger if the current signal is weaker and vice versa.
This adaptability is implemented I¢g) an adaptive bias by means of the voltage converted from the
DC component of the input current, i) the current-dependent finite drain-source resistances of
MOS transistors. A low-pass current filter is used, in the proposed conversion operation, to separate the
DC component of the input current from the signal one. We propose, in this paper, a basic structure of
the filter and techniques to improve the filtering quality over a wide current range, also an approach to
an effective reduction of the effect of the device mismatch as well. A design example of the proposed
conversion is presented in this paper. The simulation results have shown its dynamic range of 5-decades

and its sensitivity high enough to detect sub-nA current variations.

Key words: Analog VLSI, dynamic range and sensitivity, current-to-voltage conversion, adaptive

circuits, current filter, current compensation for device mismatch

[. Introduction

In many analog circuits, the dynamic range and sensitivity seem to conflict with each other. However,

the need for both becomes more and more evident for analog processing circuits to get more



applications. Current-to-voltage converters are often used in current-mode circuits and optical sensors.
The variation of a current signal can be over a wide range as it is not directly limited by the supply

voltageVpp. If a current-to-voltage converter is involved in a current-mode circuit, the dynamic range

of the converter determines that of the circuit. In case of an optical sensor, the photocurrent is usually
proportional to the flow of incident photons that can vary over a range of 5 decades or more. It is also
often the case that the sensor can not operate over the entire range of the optical signal due to the

limited dynamic range of the current-to-voltage converter employed in it.

A converter of linear transconductance may provide a good conversion gain but usually not able to
cover a wide range of signal variation. A converter of logarithmic current-to-voltage characteristic [1]
[4] may have a wide coverage as the input current is logarithmically compressed, but the same
compression results in a low sensitivity to the signal variation. Thus, it is challenging to design a circuit

that features a wide dynamic range and a high sensitivity at any given level within the range.

Making the circuit characteristics adaptive to the input current level is an effective approach to the
combination of wide dynamic range and high sensitivity. A circuit can be made very sensitive to a weak
signal at a given DC level by preset the operating point at this particular level. However, the sensitivity
will be significantly lowered if the DC level of the input current is slightly shifted, i.e. the input range
for this high sensitivity being very narrow. If the circuit is able to shift its operating point automatically
according to the change of the input level, the circuit may still be able to respond very sensitively to the
input variation even though it has gone out of its initial range. This shiftable “narrow range of high
sensitivity” makes it possible for a circuit with a single input channel to be able to provide a high
sensitivity to the signal variation over a wide range. Delbruck’s adaptive sensor may be the first current-
to-voltage conversion circuit of this kind. It has a feedback loop for the bias set-up and the feedback
factor is made “frequency-dependent” in order to have a low overall gain for the DC component and a
higher one for signal variations [2 - 3]. The stability of the loop is secured by an appropriate set of the

bias and the device parameters. Another adaptive sensor circuit has been reported in [5]. It makes good



use of a current memory for the automatic tuning of the bias level and the dependency of the MOS
drain-source resistance on the current level for the gain adaptive to the input. As the circuit involves an

analog switch, making the switching noise low is a critical issue to secure a good operation.

In this paper, a method of developing wide dynamic range and high sensitivity current-to-voltage
converters is presented. It is based on the same principle of the shiftable “narrow range of high
sensitivity” described above. This method is two-fold. The first is to separate the DC component of the
input current from the signal one by a low-pass current filter. The DC current is used, after a
compression, to set up the device bias. The second is to convert the input current signal component, not
the DC one, into a voltage signal with an adaptive gain. A design example using this method and the
simulation results are also presented. The basic scheme of the work in its early stage has been briefly
reported in [6]. The present paper aims at providing the readers with a comprehensive grasp of the

method and its fundamentals, and that of the practical designs with details.

lI. Description of the proposed method

2-1  Principle and the basic scheme

The input current of a current-to-voltage converter can be expresggdag, + ij,, the sum of its
DC component and signal variation. The response to the input is the output valigge VouTt + Vout
It is usually the case th#a) ij, << I,y and ) ij, with a higherl,y is statistically greater thaig, with a
lower ;. The components of the input current are to be converted differently so that each of them can

be used for different purposes. The “main” conversion is that of the small signal component and a high
gain is needed for a high sensitivity. The DC one of the input current is to be converted into a DC
voltage for the circuit biasing to be adaptive to the input level, and a compression is evidently needed if
the current varies over a wide range, e.g. from 1 nA tquEQ@vhile the bias voltage should be

confined within a window of less than 1 V.



The separation of the DC componéggntfrom the signal componenyf, can be done by means of a
low-pass current filter. This filter is used to extrggtand a current copier is used to produce a copy of
Iy Then, as illustrated in Fig. i, =iy - Iy Can be obtained at the noggr and converted to the
voltage signa,,; by using the output resistance at the node. The components of the output voltage

should be produced in such way that

Vour=Fem (n)  Vout = m(hin) fin (EQ1I)

whereF¢c) (1)) is @ compression function ff; andr(l,y) is a resistive coefficient, both being
dependent ofhyy. The compression functidfg), (1) Needs to be nonlinear, e.g. logarithmic, so that a
largerl,y is compressed with a strong compression rate, which resgig that is able to vary with

[,y Without going beyond the boundaries of the voltage range.IRpémdVgy 1 are then used to bias
the devices connected to the output terminal where converted inte,,,. Thus, the biasing point is

made input-current-dependent, i.e. shiftable according to the input current level. Also, this shiftable

biasing can also makeg,(l,\) adaptive to the input current,rif; andr,, are determined by the current.

I
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Fig. 1 Diagram illustrating the principle of the proposed method for the design of wide dynamic range
current-to-voltage converters. Such a converter consists of three parts. The left part is the input
stage, the upper-right one is a current copier, and the lower-right one a low-pass current filter
that extractsy fromiy. If k; =k, =k, the voltage variatiom,; will be determined by

ro1 oo . . . . . :
% (in - 1IN) = 'milin- The conversion can be made linear if the resistangeandr, are
ol 02
voltage-independent.



A low-pass filter can be built based on a current mirror, as shown in Fig. 2 [6], in which the time

constant = C/g,,1,with g,,1 being the transconductancelf, is greater than i, wheref,,;, is the
lowest frequency component of the sigial This circuit can also provide a logarithmic compression

of Iy at the node/

gn I the current o, is weak enough to drive the device in the weak inversion

region. If the transistors are matched, the drain voltag®,ahe NMOS in the right side, should be

equal toVy,

Fig. 2 Current-mirror-based low-pass current filter. If the time constai/g,,,; is large enough, the
common gate voltagé,, will be able to respond only to slow-changing compohgpand

thus onlyl, is mirrored to the right side of the circuit.

Using the current-mirror-based low-pass current filter, we propose a basic circuit structure, as shown
in Fig. 3 [6], for a wide dynamic range and high sensitivity current-to-voltage conversion. In this

circuit, two copies of the input currenf, are made by means of the PMOS transisRyrandP,. From
the first copyip;, the DC componeri; is obtained in the NMOSI,, and ther\’ is generated iMN,.
The second coplyy’ is combined withl,y’ at the nodevg 1 to extract the small current signg. The
output voltage signal,; is converted frony,,, by means ofygp,combined withrygn o the finite drain-

source resistance 8 and that oN, [5]. The gain for the signal variationy(ln) = Voutiin, IS

r Ly _
evaluated by—25F2 —dsN2 = plagse note thaloandrygnoare almost constantff, andN, are in the

Fasp2 * Masne

saturation mode and their gate voltages are fixed, which makes a “linear” conversigp foor),;.



However, if the current leve|y’ changes, the voltages will be modified, making the resistances change.
A lower I\’ results in highergspoandrysya Which makes a strong,(1,y) to a weaker input current.

Thus, the conversion gain is adaptive to the signal.

PO-EID R olg_f’l Pzalg_liw’

“°°l " | Vour
=Vout* Vout
N GD INll jlﬁ”—l[ l N’
=iy tiin N, TC N,

Fig. 3 Basic structure of the proposed current-to-voltage converter. The current filter shown in Fig. 2 is
incorporated to makky’, a copy of the DC component of the input currigqt The output

Ndsp2 BdsNZ Its DC
Fasp2 + Masnz
componen¥/gy is expected to be approximately at the same levé}as

voltagevgois modulated byg; = rim(lin) lin, Wherer((I)y) =

Consisting of only five transistors, the circuit shown in Fig. 3 can be expected to perform a low-pass
current filtering, a logarithmic compression of the DC component and a current-to-voltage conversion
with a variable gain. In the next sub-section, an analysis of its performance is presented and the design

of a complete circuit for a wide dynamic range and high sensitivity conversion proposed.

2-2  Design example and analysis

The basic scheme shown in Fig. 3 illustrates how the proposed method can be applied in CMOS
circuit design. For a given dynamic range, one needs to take the following issues into consideration.
» The condition for the low-pass filtering,= C/gy,1> 1/ ,in. It should be noted tha,,,,is determined

by the size of the transistdt; and the current flowing in it. If the current gets very strong,,4; may

become too small for the condition to be satisfied, making the upper limit of the current range.



« The minimum current in each of the transistors. It determines the lower end of the current range.

* The voltage limit folVy, andVy, All the transistors in Fig. 3 need to operate in the saturation

region, which may not be the caseVih, - Vg or Vg, gets too large.

» The speed concern of the circuit. The time constameds to be large for a good low-pass filtering.
However, ift is too large, the circuit may not able to adjust its biasing point quickly to respond to a

fast change of the input DC level, in particular, when the current is at the lower end of its range.

The most critical issue is to make= C/gy,1 > 1f,inin the current filter, as it concerns the quality of

the separation of the DC current from the signal current. One can look into the two el€haets,

Om1, and their dependencies on the input current. The capaci@uooald be voltage dependent, but as
Vgs the voltage across, is not going to change in a large scale when the current chéhiges,
relatively stable and not sensitive to the current variation. The transcondugtapd®mwever, depends
very much orly; thatis, inits turn, dependent oR,. The dependency df;; oni;y needs to be reduced
in order thag,,,; will be made lesgy-dependent. Ak, is the DC component of4, if ipq is made to
vary in a smaller scale thag,, the variation ofy; will be down-scaled, making,; less sensitive to
I|n- Let us define the scaling factor ip4/i|y, i-€.K = Iyy/ly if the low-pass filter functions correctly,

and make& < 1 in a linear or nonlinear manner described as follows.

1. Alinear down-scaling can be done by setting the size ratios of PMOS trarRjstodP as(W/
L)p1 =k (W/L)pgto makeipq = ki;y. The dependency af,,; oniy is then down-scaled by a factor of
k. A smaller value ok makes a stronger down-scaling and more extension of the upper end of the
input current range. However, one should also take the lower end of the current range into consider-
ation while selecting the value &f If the minimum input current is, for instance, 0.1 nA e 0.1,
the currents in the transistarg, P,, N; andN, will be in the level of tens of pico-Amperes that may
be too low to drive the MOS device properly and result in a poor signal-to-noise ratio. Also, the

operation speed would suffer in this case.



2. A desirable down-scaling is nonlinear whthariable according to the level of the input curiggt
As g1 increases with the current, the concern of the filtering condito@/g,,1 > 1£,, arises
when the input currengy is in the upper part of its current rangd,jfis in the lower part of the

range, the critical issue is to make the circuit sensitive enough to respond to the weak signal current

lin, iInstead oft > 1£,,;,. Therefore, one would wish the down-scaling factor to be dependégt on

and it should be effective only wheg is above a certain level.

A nonlinear down-scaling can be implemented by adding a current bypass branch controlled by the
level of the input current. In the example shown in Fig. 4, the branch is in parallel with the PMOS

transistoiPy to makeipg =i\ - igp igpdenoting the bypass currentiffp# 0, only a portion of y will
be mirrored to produchky; in the NMOS transistoN,. Thus, if the DC component ofy increases, the
change ofy; is down-scaled. The bypass currggitis controlled by, in context of a negative

feedback loop with the closed-loop gain smaller than unity. The down-scaling may not be effective if

the loop is open, i.e. the NMOS transidtaris not conducting aniggp = 0 whenijy is weak.

The linear and nonlinear scaling methods can be applied in the same circuit. In the circuit shown in

1
Fig. 4, the open-loop gaihis the linear scaling factor and the feedback gajrt, the nonlinear

down-scaling one. A linear up-scaling, i¥e> 1, can help to extend the lower end of the input current

range, as it provides a current amplification whgims very weak while the feedback loop is open. If

A
the loop is closed becauggg gets stronger, the overall gain §f7,  can be made to be smaller than

unity for a nonlinear down-scaling in order to extend the upper end of the current range.
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Fig. 4 Current-to-voltage converter with an input current bypass branch added tpgvkg - igp

in order to scaléy; down in case thafy, is high. The curreripg is mirrored to determinig,
IntandVg,. The samd/y, is then used, via a voltage shifter shown as a triangle symbol, to

controligp This is a negative feedback loop and its block diagram is shown in (b). The close-

i
loop gain i—P-l = I~+A_f,& <1 ,wheréA = ip/ipgis related to the ratio of (W/lgy to (W/L)pq, and
IN

fis determined by the transconductanced 03, andP3, and the inpuiy as well. The loop
may not be effective, i.egp = 0 andipg =i, if i)y is too weak to mak¥y, high enough to turn
N3 on.

Besides the dynamic range, the operation speed is another important issue. One wishes that the circuit
should be able to adjust its biasing point quickly if the level of the input current changes. However, if
the input current is very weak, this adjustment may be very slow, in particular when the capacitance at

the common gate df; andN, is large to have the time constant large enough for a decent low-pass
filtering. One of the solutions to this kind of problem is to add a charging current yhsnower

than the average @f,'. It can be implemented by means of a transistor, such as the NMOS transistor
N, shown in Fig. 5. This transistor provides a “transient current” to accelerate the charging process at
Vgn- WhenVy, becomes high enough to makg equal to the average level igh, Vot will be

lowered to a level similar to that ¥, andN, will be turned off.



Fig. 5 Additional charging current by the NMOS transidgtto accelerate the rise @, This
current is effective whe¥g 1 reaches a level high enough to tdnon. Such a high level

VouTt occurs whety’ is smaller than the DC componentigf'.

The diagram shown in Fig. 6 is a current-to-voltage conversion circuit designed with the proposed
method. It has a negative feedback loop for the nonlinear down-scaling. The difference between this

loop and that in Fig. 4 is that its feedback siggalis able to vary more widely, by means of a master-
slave structure, to match a wider range of the inputAlso, the circuit involves the additional charging
current path, the same as that in Fig. 5, to accelerate the charging process atyg inaziese of
weakip,, to improve the operation speed and to maint4igr at approximately the same level ¥g,

This design shows that the proposed method can be easily implemented in a CMOS circuit with the
measures for the signal range and processing speed incorporated. Its performance evaluation by

electrical simulation is presented in the next section.
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Fig. 6 Complete circuit of a wide dynamic range and high sensitivity current-to-voltage converter. The
bypass currergp is given byiy, + ig, the sum of the master and slave currents. The slave

currentigis effectively added tagp if the drain voltage oP; is lowered enough to drivie4 on,
which can happen whaygy is reaching its full scale. Thus, the range of the feedback sigp#
made larger to extend the upper limit of the dynamic rangg.ofhe NMOS transistax,
provides an extra charging current to accelevgfgising whenl ' <ijy' is detected.

[1l. Simulation results

The circuit shown in Fig. 6 has been simulated using Hspice with the transistor models gira 0.18
CMOS technology. The supply voltaygp is 1.8 V and the voltag¥®y,;,5is OV. The input curreniy, is
a DC current;yy modulated by a sinusoidal signgl The range ofyy is from 4 nA to 411pA. For a
givenl,y, the modulation depth, i.e. the ratio of the amplitude B to |y, is from 5% to 20% in the

simulations.

In the circuit shown in Fig. 6, the DC currents in the transisRy,$P;, andP, are determined biyy,
the DC level of the input signg),, and the aspect ratio of the transistors that are listed in Table 1. The
ratio of (W/L)pq over(W/L)pqis equal to 0.1, which gives a linear down-scaling, makjpgandl,y’ be
approximately one tenth &f,;. The capacitanc€ at the common gate &f; andN, is made large by

placing a drain-source grounded NMOS of 4067 in order to secure the low-pass filtering condition

Clgn1 > hqinWhenly reaches 41A.



TABLE 1.

W,y minimum gate width
Ly minimum gate length

Po | WiLn
P, | wy10L, Ny | Wy/l.2L,
P, | Wy/10L, N, | Wy/l.2Ly,
Py | 4.5W/ /L, Ng | 3Wy/1.2L,
Ps | OW/L, N, Wi/Lom
Ps | Wy/2.8L, Ps Wi/Lm

The simulation waveforms of the circuit shown in Fig. 6 are illustrated in Fig. 7. They demonstrate
that the circuit is able to respond to the variation of the input current over the entire range. The DC level

of the input signal,y changes over the range of 5-decades, and the DC level of the output weliage

Is “confined” within a small voltage window of less than 350 mV, which permits the MOS transistors to
operate within the region of the current-source mode where the drain-source resistance is high. The

output voltage signal,,:is measured under different conditiong gf and the results are shown in Fig.

8. It illustrates the shiftable “narrow range of high sensitivity” characteristics described in Section I.

Using these results, the conversion gain, defined as the ratio of the ampliygeathat ofi;,, are
presented in Table 2. It has been observed that, at a given léygligfis converted int@,,,; with an
almost constant gain. However, this gain dependigpim a nonlinear manner, because of the nonlinear

characteristics of MOS transconductance and the nonlinear down-scaling. This dependency make the
gain adapt to the input current, i.e. a higher gain for a lower level current. It has been measured that, at

I,y =4 nA, the conversion gain is about 80 mV/mAich makes the circuit to be able to produce a

detectable voltage signal whgpis in a sub-nA range. This gain is reduced about 47000 times, when

I, is about 18 times stronger to reach 414, in order that the transistors still operate in the saturation
region. It should be noted that, at thjg level, the conversion gain is still much higher than that a
logarithmic converter can provide, as the logarithmic compression is not apgljedHence, a wide

dynamic range and high sensitivity conversion have been made compatible with each other in this

circuit.
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Fig. 7 Simulation waveforms of the circuit shown in Fig. 6. The waveforms are obtained when the
frequency of the sinusoidg), is 1 MHz and the ratio of the amplitudeigfto Iy is 10%. The

first waveform, i.e. that on the top, is the input currggt displayed in a logarithmic scale. The
second and third waveforms illustrate thgf responds to the current ripple of the input bigf,

follows only the change of the average current level, filtering out the signal variation. The DC
componen¥/q T of the output voltageg 1 is ranged from 250 mV to 590 mV, corresponding

to the range ofjy from 4 nA to 411pA. The voltage signal,,. varies in the same way as the

the input current signal,, over the entire range of 5 decades.
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Fig. 8 Characteristics of the peak-peak amplitude of the output voltage vavigjivarsus the
amplitude of the sinusoidal current signglrippling over the DC componehy;. Please note
that the x-axis is logarithmically scaled. Each curve is obtained with algivand four
differenti;,, i.e. the modulation deptin= 5%, 10%, 15% and 20%. Ify, is set at a higher level,
the characteristic curve will be shifted rightwards and its slope will be reduced. The ratio of the
amplitude ofv,, to that ofi;, for each set ofl(y, h) is calculated and presented in Table 2. The
dashed line indicates a characteristic curve that a logarithmic current-to-voltage converter could
have.



TABLE 2. Conversion Gain of the Circuit Shown in Fig. 6

N Conv. GailmV/nA) IiNn Conv. GailmV/pA)
h=10.05 81.25 h=10.05 70.27
h=0.10 80.88 h=0.10 69.85
4 nA 11.11pA
h=0.15 77.58 h=0.15 69.64
h=0.20 81,00 h=0.20 69.12
h=0.05 41.69 h=10.05 6.229
h=0.10 53.40 h=0.10 6.20
10 nA 111.1pA
h=0.15 54.80 h=0.15 6.085
h=0.20 50.75 h=10.20 6.238
h=10.05 8.27 h=10.05 1.744
h=0.10 7.409 h=0.10 1.707
110 nA 411.1pA
h=0.15 7.694 h=0.15 1.696
h=10.20 7.64 h=10.20 1.676
h=0.05 .844 The conversion gain is the ratio of]
h=0.10  .g22 | the amplitude 0¥ to that ofijy.
1.11pA . : .
h=0.15 846 Tfhimodulﬁnc;n dgfpth |s|, the ratio
of the amplitude ofi, to I
h=020  .843 P in N

The above simulation results are obtained without considering the effect of device mismatch. The
circuit illustrated in Fig. 6 involves two pairs of MOS transistors, naniglyR,) and (N1, N,), in its
low-pass current filtering block. N; andN, match, or mismatch, each other in the same wéay,and
P,, the DC component of the currentfp and the current i, will be equal to cancel each other,
resulting inVoyt = Vg Otherwise, the difference of the two currents willjge+ A Ijy', instead of
lin’» With A 1}y’ resulting from the device mismatch. Tiid |y’ is then converted into a DC component
AVout =TImlin) A 11N makingVoyt = Vgn + AVoyT instead olVy,,, which we call the DC mismatch.
The deviation o¥/gyT from Vg, could makeP, or N, out of the normal operation in the saturation
region, in case of a strong,;, and thus causes a signal distortion. This DC mismatch, however, can be
corrected by injecting a DC current into, or removing it from, the draiNpfo compensat,; in such
a way that,\’, the mirrored copy dfy, is equal to the DC component of the currerRjnEvidently,

when the correction is done, Myt being brought back to the level b, the compensatelg; needs

to be maintained. The transistdf shown in Fig. 5 is not able to provide a DC current for the



compensation whil¥gyt= Vg, One can use the voltage differentg(t - V) to generate a current

compensating for the mismatch. Fig. 9 illustrates the low-pass current filter with such a compensation
current provided by the two transistdsg andN; combined. Replacing the low-pass current filter in the
current-to-voltage converter shown in Fig. 6 by that illustrated in Fig. 9, we make the converter have the
DC mismatch compensation and it has then been simulated with Hspice. The simulation waveforms,
illustrated in Fig. 10, demonstrated that this circuit is able to make the DC level of the output voltage

uniformed at the level approximately equaMg despite the device mismatch. The current

compensation is, therefore, an effective solution to the problem of the DC mismatch.

Low-Pass current filter & output stage
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Fig. 9 Low-pass current filter with a DC current compensation for device mismatch. The average level
of voy, denoted a¥p, is compared witVy, to produce two voltageg,yzandVgys that are

used to control the currents i andNs, respectively. The current differendgL- 1\s)
compensates for the device mismatch to mgkeequal to the DC componentigf’. In this
case, the transist®i, shown in Fig. 6 is removed a&¢; can provide the gate capacitar@evith

an additional current. The devices drawn in dashed lines are used to have a fast pull-8gyvn of
whenl ' >>1,y’ due to sudden change of the input ldygl by the “normally-off” NMOS
transistoNg in order to reducéyy’ quickly. The voltage follower used in this circuit consists of
2 transistors, namelys; andPg shown in Fig. 6. Each of the voltage comparators is a single-

stage differential amplifier consisting of five transistors.
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Fig. 10 Simulation waveforms of the three current-to-voltage converters of which the structures are
identical and involve the same current compensation shown in Fig. 9, but device mismatch is
different. The input signal is identical to that producing the waveforms shown in Fig. 7. The first
waveformvg 11 is the output voltage of the converter without device mismatch. The second

one,VoyTs IS produced by the circuit in whidjg,n, the transconductance i, is 36%
smaller tharg,,no andvgyts by the one witly,,, 1 being 36% larger thagy,n2 The three

waveforms have the almost identical DC levig|,t by means of the compensation.

It should be noted that the low-pass current filter involves the capacfaneee of a large drain-
source grounded NMOS transistor in order to operate at an input current levelp#.4Adch a large
device makes the circuit too bulky to be placed in a pixel of an image sensor. However, in a CMOS
image sensor, the current delivered by a tiny photodiode could hardly reach any micro-Ampere level
and the input range is shifted toward a much lower end. If the proposed current-to-voltage converter is
used in such a sensor, the capacitance can be made much smaller. Another issue to be noticed is the
nonlinear nature of the conversion. This conversion is globally nonlinear and locally “linear”. The
compression of the DC component, by means of the device nonlinearity, permits the wide input range.

The “linear” high gain conversion, is based on the linearity of MOSFET drain-source resistances in the



saturation mode when the DC component of the input current is fixed. However, like all the other cases
of using nonlinear devices for “linear” operations, this linearity is limited. Moreover, the drain-source
resistances of the transistors of the same design but placed in different places can not be exactly
identical. If the circuit is used in a CMOS image sensor, the converters in different locations will have
non-uniform outputs while the input is uniform. A compensation for this mismatch requires more

research efforts.

V. Conclusion

The work presented in this paper aims at solving the problem caused by the conflict of dynamic range
and sensitivity in current-to-voltage conversion circuits. The proposed solution is to employ a low-pass
current filter to separate the DC component from the signal one of the input current, to use the DC one,
after a compression, for an input-dependent biasing, and to convert the signal one with an adaptive gain.
This solution can be easily implemented in a CMOS circuit. A current mirror consisting of a transistor
pair can be used as such a filter if its time constant is made to satisfy the low-pass filtering condition.
This time constant is current-dependent. But the dependency can be reduced by applying the current
down-scaling proposed in this paper. The compression function is based on nonlinear current-
dependent characteristics of MOS transconductance. The voltage resulting from this compression is
biasing the MOS transistors that determine the conversion gain applied to the signal component, which
makes the gain adaptive to the input current. A design example of the proposed current-to-voltage
conversion has been provided and its performance evaluated by the simulation with CM(@8 0.18
models. The results have shown that the circuit is able to operate with an input current varying over a
range of 5 decades. It is sensitive enough to respond to a current signal of a fraction of a nano-Ampere.
A conversion gain is almost constant if the DC level of the input stays the same, and decrements if the
level increments, which allows the circuit to detect the signal current when it is in the higher end of the

5-decade range without saturation.



Besides the dynamic range and sensitivity, the converters designed with the proposed method feature
low power dissipation. The biasing currents are the DC component of the input current and its copies, if
the current in the voltage shifter in Fig. 6 can be ignored. It should also be mentioned that, unlike many
current-mode circuits, these converters do not need clock and switches, and the conversion is performed
on a continuous time basis. Thus the problems such as switching noise and preparation phases do not
arise. Moreover, sparing from clocks makes the circuits to spare from many clock-related problems and
facilitate their applications. Furthermore, to reduce the effect of device mismatch, a DC current
compensation method has been presented in this paper and its effectiveness verified by the simulation

results.
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