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Abstract - We propose a method to derive the loop gain
from the open-loop and closed-loop output impedance:
in dc-dc buck converter. This enables to measure thi
loop gain without injecting a signal into feedback loop,
i.e. without breaking the feedback loop; hence the
proposed method can be applied for the control circuits
implemented on an IC. Our simulation and experiment
results show that the loop gain obtained from the
proposed method matches very well with the one frorm
the conventional method.

1. Introduction

Measurement of the loop gain is important to evaluate
the stability of the negative feedback system. In general
loop gains can be experimentally measured by use c
voltage injection [1]. This approach ensures correct
quiescent operating conditions in the system, and avoid
a common difficulty in systems having a large dc loop
gain. However, in principle, this method needs to inject &
voltage signal into the feedback loop with breaking a
measurement point in the feedback loop. In addition, ar
injection point has some restrictions.

In this paper we propose a method to obtain the loog
gain from the converter output impedances. This methot
does not need to inject a voltage signal into a feedbac
loop. We show the details of the proposed method witt
its simulation and experimental results.

2. Conventional Method to Obtain Loop Gain
Let us consider the measurement of the loop dain

of the feedback system of Fig. 1. There the output port o
block 1 is represented by a Thevenin-equivalent networl
composed of the voltage-controlled voltage source ant
output impedance. Block 1 is loaded by the input
impedance of block 2. To measure the loop gain by
voltage injection, we connect a network analyzer to
measure the transfer functionlV, from AV, . The
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Fig. 1. Measurement of loop gain by voltage injection
[1,2].
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Fig. 2. Feedback loop for regulation of the output
voltage in dc-dc buck converter. (a) Feedback loop
block diagram. (b) Functional block diagram of the
feedback system [2].
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Thus, T, can be expressed as the sum of two terms. The

system independent ac inputs are set to zero, and thérst term is proportional to the actual loop gdinand is

network analyzer sweeps the injection voltafjé over

approximately equal td@ in casel|Z,/Z,| « 1. The

the intended frequency range. The measured gain isecond term is not proportional to T, and limits the

given by

T, (1)

AVy]
Al/x AVref=0,AVin=0

Solution of Fig. 1 for the measured gdi is obtained
as follows [2]:
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minimum T that can be measured with the voltage
injection technique. IfZ,/Z, is much smaller in
magnitude tharT’, then the second term can be ignored,
and T, = T. At frequencies wherel' is smaller in
magnitude thanZ,/Z, the measured data must be
discarded.



3. Derivation of Proposed Method Q Vsw L vo

Figure 2shows a feedback loop for regulation of the (@) vin [ T4
output voltage in dc-dc buck converter. In the ofuep L l «—— Vo
condition, the converter power stage contains three D, CozR maciv

independent inputs: the control input variatialy the
power input voltage variationaV;,, and the load
current variationsAl, . Hence the output voltage
variation AV, can be expressed as a linear combination
of the three independent inputs, as follows:

AV, = GpaAD + G AV — Z,Al ®3)
where G,; is converter control-to-output transfer
function, G, is converter line-to-output transfer
function andZ, is converter output impedance. When
AD =0 and AV, = 0, the converter output impedance
Z, inthe open loop is defined as

7, =2
°T —AlL AD=0,AV =0
In the closed loop condition, solution of Fig(l) for the
output voltage variatiom\V,, is given as follows:

Ay =2 AV, + Gvi_py Zo_
CTH1+T Y T1+TT 14T7°

4

(5)
H

When AV,.r = 0 and AV;,, = 0, the converter output
impedanceZ,. in the closed loop is defined as
AV, Z,

Zye = —= =
~Blolyy, —omvi-o 1T

We consider that based on Eq. (6), the loop dainan
be derived from both the output impedances; the loo
gain and phase are obtained as Egs. (7) and (8).

7, -7
201log;o|T| = 20logy, (%) ™
ocC

arg(T) = arg(Zo - Zoc) - arg(Zoc) ®

This method does not to inject a voltage signal thi®
feedback loop to obtain the loop gain.
4. Simulation Result

We have conducted simulation using SIMPLIS
simulator by SIMetrix Technologies Ltd. This simiglia
can run the AC analysis not to lead the averageemod
for the dc-dc converter of a complete switching
non-linear time domain model. Fig. 3 (a) shows the
simulation circuit of measuring the loop gain by
conventional method. Fig. 3 (b) shows the simutatio
circuit of measuring the both of the output impedan
Z, and Z,.. When measurind.,, it is necessary to hold
a constant output voltage of the error amplifier by
turning on the SW in Fig. 3 (b). Figure 4 shows the
simulation result ofZ, and Z,. with the configuration
in Fig. 3 (b). From the results of Fig. 4 (a) ahd, (ve
derive the loop gain by calculation using Eqs.&f (8).
These results are shown in Fig. 5. The solid line is
derived by the conventional method and the platim
square is derived by the proposed method. We ssde th
these results exactly match.
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Fig. 3. Simulation circuit for measuring the locgirg (a)
Conventional loop gain mesurement circuit. (b) Zal a
Zoc mesurement circuit.
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5. Experimental Result 6. Summary

We show experimental results of applying the We have proposed a method to derive the loop gain
proposed method to a dc-dc buck converter. Thefrom the open-loop and closed-loop output impedance
converter used in the experiment is a non-isol&ype in dc-dc buck converter. Our simulation resultsvebo
with current mode control and switching frequendy o that the loop gain obtained from the proposed netho
380 kHz. Experimental conditions are the following; exactly matches with the one from the conventional
input voltage of 12V, output voltage of 3.3V, outpoad method. Furthermore, we showed the experimental
of 1A. When measuring Zo, it is connected to aemm«l results of applying the proposed method to a dbwgik
power source in order to hold the output of theorerr converter, and we found out that sufficient evaarabf
amplifier and the voltage of the external powerrselis the phase margin and gain margin is possible vhth t
adjusted so that the output voltage is 3.3V. Wesmea  proposed method.
the output impedance using the Frequency Response Conventional loop gain measurement method needs to
Analyzer (FRA) by NF Corporation. inject a voltage signal into the feedback loop, hedce

Figure 6 shows comparison of the loop gains obthine breaking a part of the feedback loop is necesdaiy;
in the experiment. The solid line is the one datiby cannot be used when the feedback loop is implerdente
the conventional method and the dotted line isotiee by on an IC. On the other hand, the proposed methed do
the proposed method. In the proposed method, thenot need to inject a signal into the feedback lcop it
measured result does not have good accuracy at lows expected to use widely in the feedback circuit
frequencies. This is because in the low-frequeange, measurement.
the output impedance in a closed loop is extreraglsll,

and there S / N ratio of the measurement signpbds. References
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