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Abstract—This paper investigates the active damping of LCL-
filter resonance within single-loop grid current control of grid-
connected voltage source converters. First, the basic analysis in 
the continuous s-domain reveals that the grid-current-feedback 
active damping forms a virtual impedance across the grid-side 
inductor, and the use of a high-pass filter with a negative sign 
shapes the virtual impedance by an RL damper paralleled by a 
negative inductance. It is further found that such a negative 
virtual inductance plays a critical role in mitigating the phase 
lag caused by the time delay in a digital control system. The 
instability induced by the negative virtual resistance, which is 
commonly experienced in the feedback-type active damping, 
can thus be avoided. A systematic design method of the high-
pass filter is also proposed by the help of root locus analysis in 
the discrete z-domain. Lastly, experimental tests are presented 
to validate the theoretical analysis.  

I. INTRODUCTION 
LCL resonance has always been an important concern for 

LCL-filtered voltage source converters [1]. A wide variety of 
resonance damping technologies have been reported, among 
which active damping control methods are usually preferred 
over passive dampers in order to avoid extra power losses 
[2]. Generally, the active damping can be attained either by 
introducing a digital filter in cascade with current controller 
[3], or based on the feedback of filter state variables [4]-[16].  

Plugging-in digital filters provides a sensorless damping, 
but it is sensitive to parameter uncertainties [10]. Feedback-
type active damping have therefore attracted more attentions 
with filter capacitor current or voltage feedback being well 
documented [4]-[9]. However, these schemes often require 
an additional sensor or observer-based control [6]. Moreover, 
the performance of the feedback-type active damping may be 
influenced by the transport delay in a digital control system, 
which may insert a negative virtual resistance. This will add 
open-loop Right-Half-Plane (RHP) poles in the control loop, 
resulting in a non-minimum phase behavior in the closed-

loop response [7]. In [8], a High-Pass Filter (HPF) instead of 
a proportional gain is introduced within the capacitor current 
feedback, in order to avoid the non-minimum phase system 
resulting from the synthesis of negative virtual resistance.  

To obtain a robust damping with a minimum number of 
sensors, the single-loop current control has increasingly been 
studied [9]-[16]. It is shown in [11] that a stable grid current 
control can be achieved without damping. This is due to the 
inherent damping effect of transport delay when grid current 
is controlled, which however requires that the LCL resonance 
frequency is above the one-sixth of the system sampling 
frequency [9], [12]. In weak power grids, the LCL resonance 
frequency may shift in a wide range with the variation of 
grid impedance, thus external damping is still needed for 
robust current control. This issue may be more challenging in 
the emerging power-electronics-based power systems, where 
the interactions of multiple converters may lead to harmonic 
instability [13].    

It is therefore of interest to develop active damping with 
grid current feedback control [14]-[16]. Unlike the capacitor 
current feedback through a proportional gain, the s2 term is 
needed for the virtual resistive damping, which is difficult to 
implement in digital or analog controllers. Hence, a second-
order Infinite Impulse Response (IIR) filter [14] or a first-
order HPF with a negative sign [15], [16] has been reported 
to replace the s2 term. Since the HPF is easier to implement 
than the IIR filter, it is becoming more attractive. Parameter 
design of the HPF has been discussed in [15], [16], but how 
the HPF is influenced by the transport delay is not identified. 
Moreover, due to the lack of physical meaning of the HPF, 
the non-minimum phase characteristic of the control system 
caused by the negative virtual resistance is overlooked.    

This paper proposes first an impedance-based analysis in 
the continuous s-domain to generalize the physical property 
of the grid current feedback active damping. It reveals that 
the grid current feedback basically forms a virtual impedance 
in parallel with the grid-side inductor, and the use of HPF 
with a negative sign furnishes a virtual RL damper in parallel 
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