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Resistive Interpolation Biasing: A Technique for Compensating
Linear Variation in an Array of MOS Current Sources
Srinagesh Satyanarayana and Ken Suyama

Abstract-A new technique called resistive interpolation biasing
for accurately biasing a large number of analog cells on a
VLSI chip is presented. Variations in oxide thickness, mobility,
doping concentration, etc., cause inaccuracies in current ratios of
two identidy biased transistors if they are placed sufficiently
far apart on a chip. The proposed technique compensates for
these inaccuracies without using any sampling or switching. The
technique has been verified using a 2 pm n-well CMOS process.
Measurements show a factor of 3 improvement in terms of
current ratio accuracy when the resistive interpolation technique
is used. The circuit can be implemented with a small chip area
and low power dissipation. This technique finds applications
where extensive current duplication over a large area is required
(e.g., analog memories, DIA converters, continuous-time filters,
imaging arrays, neural networks, and fuzzy logic systems).

I. INTRODUCTION

A

COMMON technique employed in most analog systems
today is to take advantage of good matching between
two identical transistors placed close to each other and biased
similarly, for implementing current mirrors. However, when a
large number of transistors have to carry the same current,
it becomes impossible to take advantage of the matching
by proximity of placement. One reason for the mismatch
stems from process variations in MOSFET parameters (doping
concentration, oxide thickness, mobility, etc.) [l], [2]. This is
the problem addressed in this paper. The other problem is due
to random fluctuations in the edges of the transistors which do
not depend on the spacing between the transistors.

11. EXISTINGTECHNIQUES
Several techniques for improving the accuracy of current
mirrors have been suggested [3]-[8]. In the current calibration
technique [4], [5] each bias transistor is first calibrated against
a fixed reference and then used for biasing the analog cell.
The disadvantage of such schemes is that frequent calibration
is necessary and the circuit to be biased has to be taken offline during calibration. Techniques to solve the latter problem
have been developed by using an extra calibration cell [5], [6].
However, the need to switch the bias currents and to supply
control signals to the switches and the op-amp feedback adds
complexity and extra chip area. This technique can compensate
any form of mismatch as long as an appropriate V& can
be found for the desired value of current by the feedback

configuration. When arbitrary ratios of a reference current
have to be generated, the process of comparing it to the
reference also becomes a problem. One solution commonly
used is to employ a digital memory and a D/A converter to
generate arbitrary values of reference current sources [9], [lo].
A digital memory stores the values of the individual current
source values (or the corresponding gate to source voltages).
This solution is expensive in terms of chip area and circuit
complexity.
A hierarchical current mirror scheme is sometimes used to
generate accurate bias currents [3]. This technique restricts
current mirroring to a small number of copies. When a current
value has to be copied over large distances, a long wire
carrying the suitable value of current is used to supply the
reference. Although arbitrary current ratios can be generated
by this technique, one individual wire must be routed from
each current mirror pool to the reference current source,
resulting in large chip area. This technique is only efficient
for biasing a small number of current mirror pools distributed
over a chip.
An extension of the popular cross coupling technique [ l l ]
used to minimize the input offsets in differential pairs of
high gain opamps and comparators can also be utilized to
improve matching in current mirrors. Extending the technique,
several authors [5], [7], [8] have reported a technique to
compensate for graded and symmetrical errors. Each current
source required by the D/A converter is split into several parts
depending on the value of the current. These individual parts
are placed on either sides of the center of the row (or column)
thereby improving the accuracy of the current matching.
III. RESISTIVE INTERFQLATION

BIASING(RIB)

The resistive interpolation biasing (RIB) technique shown
in Fig. 1 involves modifying the basic current mirror scheme
[12] by adding two reference generators (MOAand M O B )
and an interpolating resistor. The new circuit generates a precompensating bias voltage at the gate of each bias transistor
( M i ) which is adequate to cancel the linear part of the
variations in all the parameters that influence the drain current.
A source follower is used at the gate of each reference
transistor to ensure that interpolating resistor current is not
drawn from the reference current sources.
Consider a row of transistors ( M O A.,. . Mi . . . , MOB)
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Differentiating (2) with respect to x we get

9

The same reference current IR is supplied to the two reference
current sources MOAand MOB,

I

and the resulting V& values (VGSAand VGSB)are fed to the
ends of the interpolating resistor string. Since source follower
buffers are used at each of the reference current sources, the
resistor string can be viewed as having two voltage sources of
value VGSAand VGSBat its ends. A linear gradient in VGSis
set up along the resistor string. The gradient can be expressed
as

Fig. 1. Circuit realization of the RIB technique.

Since all the transistors in the circuit are along a row, we can
ignore the variations in the direction perpendicular to x;.For
example the parameter p at a distance x; from the arbitrary
point of reference, can be expressed using Taylor’s series as

p(x;) = ~

( + -(xi
;:

( x A )1

-XA)

+ higher order terms

).

~ V G -S VGSB- VGSA
dX
XB -XA

--

Errors resulting from variations in the resistivity of the string
are considered as second order effects and hence will be
ignored in the following analysis. The current at the reference
transistor MOBcan be expressed as

(1)

The currents in each of these transistors will depend on the
value of the individual MOS parameters [131 at the location of
the transistor. Hence we can express the current as a function
of distance as follows

IM, = I(%;)
= f[VGS(xi),p N ( X i ) , NA(xi)r * * . > vT(xi)>c:x(xi)]

(7)

+ dI
ax

I ( x B )= I ( x A )

-(XB

-XA).

Substituting (5) and (6) in (8) we get

aI
- = 0.
dX

(9)

Substituting (9) in (4) we get

(2)
where VGSis the gate to source voltage, p~ is the mobility,
N A is the doping, VT is the threshold voltage, and CL, is
the oxide capacitance per unit area. We assume that all the
transistors have the same VDS,and hence channel length
modulation effects will not cause errors in the current mirrors.
Implicit in the assumption is the fact that we are using long
channel devices, and as a result, the variation in the early
voltage parameter with distance is insignificant. In a later
section we discuss the variation of the early voltage with
distance for short channel devices. Ensuring that the VDS
is identical by using cascode techniques, provides increased
current matching accuracy at the cost of decreased voltage
swing for the current sources. The drain current at any point
can be expressed as a function of the distance x using Taylor’s
series. Neglecting the higher order terms, the drain current can
be expressed as

dI
I ( x ) = I ( x A ) -(x

+ dX

-

(3)

where I ( x A ) is the current in transistor MOA and d I / d x
is constant since we are neglecting the higher order terms.

Equation (10) implies that the value of d V ~ s / d zobtained
by forcing equal currents in MOAand MOBand feeding the
resulting VGSvalues to the ends of the interpolating resistor,
cancels the linear variation in current due to all the remaining
MOS parameters. Using (9) and (5) in (3) we obtain

I(.) = I R .
For each bias transistor, the voltage at tap i of the resistor
string represents the appropriate VGSfor exactly compensating
the current mismatch caused by the linear parameter variation
along the x direction.
In the above circuit long channel transistors were used and
the channel length modulation was ignored. For short channel
transistors this assumption is not valid. Hence the variation in
the early voltage has to be considered. The gradient of current
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Fig. 3. Measured results on the chip with and without RIB. W / L =
38.4pm/3.6pm for the bias transistors. VGS = 1.358 V for MOA and
VGS = 1.336 V for MOB.

reference transistors. The error in the bias current decreased
by a factor of 3 when the RIB circuit was activated.
Fig. 2. Photomicrograph of the RIB circuit.

v.

AF’PLICATIONS OF THE

NEWBIASING
TECHNIQUE

This technique has potential applications when a large
number of current sources with arbitrary values are needed,
in applications where continuous-time operation is required,
and when chip area and power dissipation are issues of
concern. Current-mode D/A and A/D converters require a
large number of current sources [7], [8] matched to certain
degree (depending on resolution requirements) of accuracy.
Although the current sources must be binary weighted, they
are constructed from identical current sources.
IV. IMPLEMENTATION
In continuous-time filters [ 141 bias voltages are generated
A PMOS based RIB scheme was implemented on a chip not by a reference current source but by a tuning loop and
to test the concept. Fig. 2 shows the photomicrograph of the a reference filter/oscillator cell. Following the generation of
chip. The resistor was implemented using a p-diffusion strip. these voltages, they are distributed to identical (in topology)
Diffusion layer was chosen since it provides a reasonable value filters which could be placed anywhere on the chip. Normally
of sheet resistance (70 R per square). The resulting resistance transistors being tuned in each cell are grouped together in one
for a 2.4 pm wide diffusion resistor string for 1000 pm’s area of the chip. The RIB technique would make it possible to
of length is approximately 30 kR. If the voltage mismatch retain each transistor inside the filter/oscillator cell and hence
between the reference sources is 300 mV, then the current simplify layout and reduce wiring area. It might also help in
in the diffusion wire will be less than 10 pA. If a lower reducing crosstalk between cells.
resistivity material like poly or metal is used, the current in
Fig. 4 shows an application of the RIB technique to bias
the resistor will be large and the source follower buffers have an array of cells. One application where an array of cells
to be designed to handle the necessary current.
has to be biased with current sources of arbitrary values is
The two reference currents were supplied externally. Three a neural network [15]. A major issue in implementing neural
bias transistors were placed with a spacing of 367 pm between networks is the realizations of synaptic weights [9]. In a
adjacent bias transistors. After setting the currents in the neural network with fixed weights, the aspect ratios of the
reference transistors to identical values, the current in each bias transistors in the synapse determine the weights. In the figure
transistor was measured. Drain voltages of all bias transistors we show a transconductance synapse where the weight value
were maintained at the same value as the drain voltage of the is determined by the aspect ratio of Mil. Each bias transistor
reference transistor MOA.The experiment was repeated with Mil in the synapse has to be biased with an appropriate
and without the RIB scheme. The results are shown in Fig. 3. voltage to generate a current for the respective synapse. The
The bias currents are plotted with distance from one of the RIB technique is ideal for this application. Fig. 4 shows how

with respect to VDS and the early voltage should be included
in (2). If VDS is forced to be the same for all transistors, one
of the terms, namely, dV&/da: becomes zero. Thus an error
is introduced in the compensating voltages computed using
(10). To overcome this problem, an intentional gradient can be
introduced in VDS using two reference generators and another
interpolating resistor string.
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Fig. 4. Application of RIB to an array of analog cells.

the resistive string is passed through each synapse to provide
the precompensated bias voltage. Similar applications can be
found in analog memories [16], [17] fuzzy rule processors
[ 181, and imaging arrays [ 191.
VI. CONCLUSION
A new technique has been developed for biasing circuits in
VLSI chips where a large number of analog cells have to be
biased accurately. This technique compensates for the current
mismatch due to the linear gradient of all MOS parameters.
While it is a very efficient technique to compensate for global
variations over a chip, it cannot compensate for variations in
devices placed close to each other. The technique does not
involve an op-amp or any switching, and is area efficient. This
technique is also applicable for generating arbitrary current
mirror ratios that are usually necessary in applications like
neural networks and analog memories.
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