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Abstract - The difference between the fast dynamics associated 

with the input current shaping of power factor correctors 

(PFCs) and the slow dynamics associated with their output 

voltage regulation is typically exploited by using multiple 

control loops.  The overall dynamic response is generally 

limited by the output voltage regulation loop.  Research into 

an analogy-based controller for fast dynamic control of PFCs is 

at a slow pace.  This paper applies the concept of the 

boundary control method with a second-order switching 

surface for the boost type PFC, so as to achieve fast dynamic 

response.  The method is based on predicting the state 

trajectory movement after a hypothesized switching action and 

the output can ideally be reverted to the steady state in two 

switching actions during the large-signal input voltage and 

output load disturbances.  Theoretical predictions are verified 

with the experimental results of a 320W, 110V prototype. 

 

Index Terms – Boundary control, power factor corrector, 

ac/dc conversion. 

 

I. INTRODUCTION 

 

Nowadays, power factor correction technique is 

necessary for ac-to-dc power conversion to comply with the 

requirements of the international standards, such as 

IEC-1000-3-2 and IEEE-519.  Among various possible 

topologies for the power stage, boost-derived power factor 

corrector (PFC) is the most popular choice.  In the last two 

decades, many different analog control methods, including 

average current mode control [1], peak current control [2], 

hysteresis control [3], sliding-mode control [4], one-cycle 

control [5], nonlinear carrier control [6], etc, have been 

proposed.  Many integrated circuits for PFCs have also 

been commercially available.  All those methods mainly 

focus on enhancing the steady-state operation, such as the 

waveshape of the input current, and/or simplifying the 

control complexity, such as reducing the number of the 

sensing variables in the power stage of the PFC. The 

difference between the fast dynamics associated with the 

input current shaping and the slow dynamics associated with 

the output voltage regulation is typically exploited by using 

multiple control loops [7]. The overall dynamic response is 

generally limited by the output voltage regulation loop.  

Research into PFC an analog-based controller for fast 

dynamic control of PFCs is at a slow pace.  By integrating 

some predictive algorithms, different digital control 

techniques [8]-[10] for improving the dynamic response of 

PFC have been proposed. However, the advantages are 

counteracted by the implementation complexity. 

Recently, a new control method using boundary control 

with a second-order switching surface for fast dynamic 

control of buck converter has been proposed in [11].  It is 

based on predicting the state trajectory movement after a 

hypothesized switching action and the output can ideally be 

reverted to the steady state in two switching actions during 

the large-signal input voltage and output load disturbances.  

By extending the similar concept, a controller for boost-type 

PFCs is proposed in this paper.  Apart from providing a 

stable dc output and shaping the input current, the PFC can 

also revert back to the steady state in two switching actions 

after a large-signal disturbance.  A 320W, 110V, prototype 

has been built.  The theoretical prediction and experimental 

results are in good agreement.  Modeling, design, and 

analysis of the overall system will be given. 

II. PRINCIPLE OF OPERATIONS 

Fig. 1 shows the boost-type PFC with the proposed 

controller.  Fig. 2 shows the key waveforms of the PFC.  

The power stage of the PFC can be described by the 

following state-space equations 
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where x = [iL  vC], Ai and Bi are constant matrices, qi 

represents the state of the switch S and D, ov  is the output 

voltage, and Si  is the input current of the PFC.  The 

elements in Ai and Bi depend on the values of the inductor L, 

the output capacitor C, and the load R.  It can be shown 

that 
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When S is on (off), q1 = 1 (0). When D is on (off), q2 = 1 (0). 
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Fig. 1  Boost-type PFC with the proposed controller. 

 

A. Output voltage ripple 

vo consists of a dc component Vdc and an ac component 

∆vdc and is expressed as 

 )(tvVv dcdco ∆+=  (4) 

It gives the output voltage reference )(tvref  that can 

ensure the input current Si  to be sinusoidal.  As shown in 

[10], )(tvdc∆  is expressed as 

 tIktv odc ω2sin)( 1−=∆  (5) 

where Io is the output current, 1k  = 1 / 2ωC, C and ω are 

the output capacitor and angular line frequency, 

respectively. 

 

B. Derivation of the Switching Surface for a Fixed vin 

By solving (1)-(3) with different initial values, Fig. 3 

shows a family of state-space trajectories on the 

two-dimensional plane. The solid lines are named as the on 

trajectories while the dashed lines are named as the off 

trajectories. 
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Fig. 2 Key waveforms of the PFC. 
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Fig. 3  The state trajectories of the PFC. 

 

As the switching frequency of the switches is much 

higher than the signal frequency, the load current Io is 

relatively constant over a switching cycle and is assumed in 

the following calculations. This is valid because )(tvdc∆  

<< dcV .  Thus, the ripple current in Li  is the same as the 

ripple current in Ci . 

 As shown in Fig. 2, when S is on and D is off, 
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where 0,oV  and 0,LI  are the initial values of ov  and Li , 

respectively, at the beginning of this topology, oC  and oL  

are the designed values of C and L for the switching surface, 

respectively. 

Thus, by solving (6) and (7), the on-state trajectory { onov , , 

onLi , } is 
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When S is off and D is on,  
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where 1,oV  and 1,LI  are the initial values of ov  and Li , 

respectively, at the beginning of this topology. 

Thus, by solving (9)-(11), it can be shown that 
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Thus, by solving (12) and (13), the off-state trajectory 

{ offov , , offLi , } is 
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When both S and D are off, the trajectory moves along the 

x-axis and 0=Li . 

As discussed in [11], the tangential component of the 

state-trajectory velocity on the switching surface determines 

the rate at which successor points approach or recede from 

the operating point in the boundary control of the switches.  

An ideal switching surface iσ  that gives fast dynamics 

should follow the only trajectory passing through the 

operating point.  Although iσ  can ideally go to the steady 

state in two switching actions during a disturbance, its shape 

is load-dependent and requires sophisticated computation 

for solving the only positive and negative trajectories that 

pass through the operating point. 

By the extending the concept in [11] for PFC, the 

second-order switching surface 2σ  is close to iσ  around 

the operating point.  The concept is based on estimating the 

state trajectory after a hypothesized switching action.  The 

gate signals to the switches are determined by the following 

criteria. 

 

1. Turn-on criteria 

Consider a generic time instant in a line cycle shown in 

Fig. 2. inv  is assumed to be constant within the switching 

cycle. As the PFC is operating in critical mode, S is 

switched on at t0 when 

 0)( 0 ≤tiL  and )()( 00 tvtv refo ≤ . (15) 

 

2. Turn-off criteria 

During the period of [t0 , t1], S is on. iL increases, 

according to the equation of 
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where oL  is the value of the inductor used in designing the 

switching surface. 

The on time ton (= t1 – t0) of S is estimated by 
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The output voltage can be expressed as 
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and can be approximated by using (17) and assume 

oc Ii −=  in this duration. Thus, (18) becomes 
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where oC  is the designed value of C in formulating the 

switching surface. 

By using (17) and (19), the slope of refv  at t1 , )( 1tvref
& , is 

expressed as 
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 During the period of [t1 , t2], S is off.  The off time toff 

(= t2 – t1) of S is estimated by 
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If refv  varies linearly in one switching cycle, 

 offrefrefref ttvtvtv )()()( 112 &+≅  (22) 

By putting (20) and (21) into (22), it can be shown that 

)()(

)(
)()]()([

)(

)(

11

1
111

1

2

tvtv

C

tiIL
tvtvtv

tv

tv

ino

o

Loo
inoref

ref

ref

−

−−

+

=

 (23) 

By assuming that the output capacitor is discharged linearly, 

the switching time xt  at when 0=Ci  is calculated by 

considering 
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)(  equals the area A1 shown in Fig. 2.  If it is 

approximated by a triangle, 
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Based on (10), 
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By putting (26) into (25), 
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and then putting it into (24), 
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During the period xt  to 2t , 
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dtti  equals the area of A2 shown in Fig. 2.  Again, 

if it is approximated by a triangle, 

 
dtdi

I
dtti

c

o
t

t
c

x /2

1
)(

2
2

=∫  (30) 

By using (26), 
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By putting (31) into (29), 
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By putting (28) into (32), 
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By putting (23) into (33), eq. (33) gives the criteria of 

switching S off that 
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By combining (15) and (34), the general form of σ
2
 is 

defined as 
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Fig. 4 Implementation of the proposed controller. 



S will also be turned off if Li  > maxLI , in order to 

avoid overcurrent of the switch and inductor.  Fig. 4 shows 

the circuit implementation. 

 

 

III. STEADY-STATE CHARACTERISTICS 

 

Based on (4) and (5), refv  is expressed as 

 tIkVtv odcref ω−= 2sin)( 3  (37) 

where 
oC

k
ω

=
2

1
3 . 

Hence, as illustrated in Fig. 2, when the PFC is in 

discontinuous conduction mode (DCM), 
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The rate of change of refv  is equal to 
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Also, 

 onrefrefref tvvv &+= 0,1,  (40) 

Similar to eqs. (6) and (7), 
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By using (40) and (41), 
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In DCM, S and D are off from 2t  to 3t .  Thus, 

 02,0, == LL ii  (44) 

By putting (44) into (8), 
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Similarly, by putting (44) into (14), 
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 By putting (44) into (35) and (36), 
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By putting (43) into (47) and (48), 
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By comparing (47) and (49), 
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Let 

 tVv min ω= sin ,  0 < ω t < π (51) 

where mV  is the peak value of the input voltage. 

By substituting (39) and (51) into (50), 
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Assume that 1,ov  = dcV , eq. (52) can be expressed as 
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It is noted that )(1, tiL  is the envelope of the input current.  

Thus, if oC  = C, )(1, tiL  and thus the input current are 

pure sinusoidal.  If not, their waveforms will be distorted. 

 

IV. EXPERIMENTAL VERIFICATION 

 

A 320W prototype has been built and tested.  The 

component values are: L = 100µH and C = 235µF.  vo is 

regulated at 400V and the nominal input voltage is 110Vrms, 

50Hz. Fig. 5 shows the simulated and experimental 

steady-state input current and output voltage waveforms 

with the load resistance of 1kΩ (160W). The experimental 

results show that the input current is sinusoidal. The 

measured power factor is 0.996 and the total harmonic 

distortion of the input current is 6.5%. The experimental 

results are in close agreement with the simulation results. 



 
(a)  Simulation Results. 

 

 
(b)  Experimental Results. 

Fig.5 Steady State Operation for 160W load. [Ch1:vs, Ch2:is, Ch3:vo, 

Ch4:io] 

 

Fig. 6 shows the simulated and experimental transient 

responses of the PFC under a step load change from 1kΩ 

(160W) to 500Ω (320W). The measured power factor is 

0.993 and the total harmonic distortion of the input current 

is 9%. The input power factor can be maintained at a value 

higher than 0.97 throughout the operation. Fig. 7 shows the 

enlarged circuit waveforms. It can be seen that the input 

current settles into the steady state in two switching actions. 

Fig. 8(a) shows the input current THD at different voltages 

and load powers. Fig. 8(b) shows the input power factor at 

different input voltages and load powers. 

 

 

(a)  Simulation Results. 

 

 
 

(b) Experimental Results. 

 

Fig.6  Transient responses of the PFC under a step load change from 1kΩ 

(160W) to 500Ω (320W). [Ch1:vs, Ch2:is, Ch3:vo, Ch4:io] 

 

 
 

(a)  Simulation Result 

 

 
 

(b)  Experimental Results. 

 

Fig.7  Enlarged transient responses shown in Fig. 5. [Ch1:vs, Ch2:iL, 

Ch3:vo, Ch4:io] 

 



 
 

(a)  Input current THD. 

 

 
 

(b) Input power factor. 

 

Fig. 8  Performance characteristics of the PFC at different voltages and 

load powers. 

V. CONCLUSIONS 

This paper extends the concept of the boundary control 

method with second-order switching surface for the 

boost-derived PFC.  The converter can give a fast transient 

response to a large-signal supply and load disturbances.  

The whole system can revert to steady state within two 

switching actions when it is subject to large-signal 

disturbances.  The PFC performances have been verified 

with experimental measurements.  Experimental results of 

a 320W, 110V prototype have been studied.   
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