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1 Introduction
To meet future performance specifications, the product
roadmap of high-precision mechatronic systems is typically
translated toward servo-control in the direction of increased
controller bandwidths. However, using linear control ele-
ments, the associated bandwidth is often limited by Bode’s
gain-phase relationship. In order to possibly surpass this
fundamental limitation, recently in [1] a hybrid integrator-
gain element (HIGS) has been introduced. Depending on
specific switching conditions, this element switches between
an integrator and gain mode in such a manner that the output
is continuous, confined to a sector, and always of equal sign
to the input. As such, the corresponding describing func-
tion D( jω) demonstrates first-order low-pass characteristics
with a phase lag of only 38.15 degrees. Driven by the appar-
ent phase advantage, in this abstract the idea of HIGS-based
controller elements for bandwidth improvements of essen-
tially linear systems is discussed.

2 HIGS-Based Controller Elements
A HIGS-based controller element is proposed as the se-
ries interconnection of the HIGS and a linear filter N (s).
Through specific design of this filter, the element’s describ-
ing function

DNL( jω) = D( jω)N ( jω), (1)

can be shaped in such a manner that it has desirable magni-
tude characteristics with reduced phase lag. For the purpose
of example, consider the HIGS in series with a filter N (s),
given in frequency domain by:

N (s) =
ω2

l p

ω2
· 1

s+ω1
· (s+ω1)(s+ω2)

s2 +2βωl ps+ω2
l p
, (2)

with corner frequencies ωi, i ∈ {1,2}, ωl p, and dimension-
less damping coefficient β . It follows from the first-order
low-pass characteristics of the HIGS, that by appropriate
tuning of ω2 in (2), the describing function (1) has similar
magnitude characteristics as a classical linear second-order
low-pass filter with complex poles, however, with signifi-
cantly reduced phase lag. From a linear point-of-view, el-
ements with such apparent properties could potentially aid
the loopshaping design, and give rise to increased band-
widths.

3 Wafer Stage Measurement Results
To illustrate the potential of a HIGS-based controller, the
nonlinear second-order low-pass filter is experimentally em-

bedded in the motion control context of Fig. 1. Here, C is
some base-linear controller (e.g. PID and notch filters) and
P represents a scanning stage of an industrial wafer scan-
ner. Using a quasi-linear loopshaping procedure, eval-
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Figure 1: Feedback control structure.

uated through describing functions, the controller is struc-
turally tuned and shows a bandwidth improvement of around
11% compared to an optimal linear controller design. Time-
domain measurement results of several experiments are pre-
sented in Fig.2 in terms of the moving average MA and the
moving standard deviation MSD. These performance mea-
sures reflect the low-and high-frequency content of the mea-
sured data-sampled error e(t), respectively. The results of
the nonlinear controller (red) are compared to those of an
optimally tuned linear controller (black). A substantial im-
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Figure 2: Moving average MA(e) and moving standard devia-
tion MSD(e) for the linear (black) and nonlinear (red)
closed-loop system.

provement in low-frequency disturbance suppression can be
observed, without deterioration of the MSD. Although no
rigorous stability criteria for the true nonlinear system are
specified, this real-world closed-loop example shows con-
vincingly robustly stable behavior.
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