Area Optimization of Analog Circuits Considering Matching Constraints
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Abstract

A new, fully analytical method is presented to optimize
active device area in complex, device mismatch sensitive
analog circuits. It represents an efficient alternative to time
consuming Monte-Carlo simulations and numerical itera-
tion proceduresfor design centering.

1. Introduction

In precision analog circuits, often pairs of devices or
exactly weighted devices are used, which are required to
match, i. e, to show equal electrical parameters. Due to
random effects during processing and due to fabrication tol-
erances, parameter variations between these devices occur.

Usually the mismatch-induced standard deviation of rel-
evant electrical CMOS device parametersis proportional to
1/+/A, where Ais the active device area. For transistors and
resistors, mismatch of their most important parameters can
be described using the relations [1-3]:
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V4 is the transistor threshold voltage, k the transistor con-
stant, R the resistance of the resistor, and Cav;, Cak/x. and
Car/r are the related matching constants.

2. Area Minimization

Device mismatch leads to small deviations of the out-
put signal. Assuming uncorrelated device parameters pjj,
the total standard deviation of the circuit’s output signal
Sout = f(Sin, P11, - - - , Pmn) IS calculated following the Gaus-
sian approach:
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There, the parametersc;j are the matching constants rel ated
to the examined parameter | of devicei.

By varying area A; of afictive two-parameter system, its
total area Ayt is calculated on the basis of eq. (2) for two
given values of ogyt (Fig. 1). This simple example clearly
demonstratesthat a narrow optimum area configuration ex-
ists. Thus, a method to properly weight device areasin real
circuits is demanded, where a complex multidimensional
system must be considered.

Eq. (2) isthe boundary condition of the optimization pro-
cedure concerning the sum of device areas A;. To find the
minimum of Ayt = 5 A, the Lagrange formalism is used.
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Figure 1. Area amount of a two-parameter
system for two given values of the maximall y
allowed standar d deviation ooy (eq. (2)). The
dashed line indicates the optim um area con-
figuration.

In this case, the Langrange function £ is given by:

L= ZAH(% Z;(%‘ET) '?). 3)

The formalism leads to a minimum value for the device

areas.
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These analytically derived eguations allow to calculate
the optimum area for each device within a considered cir-
cuit. To evaluate the device areas only the derivatives of the
transfer function S of the circuit and the matching con-
stants of the devices used are needed. While the matching
constants for the process used have to be determined ex-
perimentally, the derivatives of the transfer function can be
obtained on the basis of a sensitivity analysis which is a
standard tool in circuit simulation environments.

3. System optimization

For the design of large systems usually sub-circuits are
considered. Note, that without a loss of performance, aso
the area optimization of the whole system can be performed
by applying the proposed method to a given set of sub-
circuits. In analogy to the formal structure of eq. (1) new
matching constants related to these sub-circuits are defined
and used in eg. (2) instead of single device related match-
ing constants. This procedure allows a strictly organized
hierarchical area optimization.
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