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CCM Noninverting Buck–Boost Converter With Fast
Duty-Cycle Calculation Control for Line

Transient Improvement
Pang-Jung Liu , Member, IEEE, and Che-Wei Chang

Abstract—A continuous-conduction mode (CCM) noninverting
buck–boost (NBB) converter with a fast duty-cycle calculation
(FDCC) control and duty-cycle locking strategy is proposed in this
paper. Utilizing auxiliary and adjustable slopes of the modulation
signal, the FDCC control not only rapidly determines an accurate
duty cycle but also keeps the compensator output constant when
the input voltage changes. The theoretical dc value of the numer-
ator of the closed-loop line-to-output voltage transfer function is
equal to zero whether the CCM NBB converter operates in boost
or buck mode. It indicates that adopting the FDCC control can
achieve ideal feedforward compensation for CCM buck and boost
operations. Consequently, the output transient ripple of the CCM
NBB converter with FDCC control can be eliminated significantly
regardless of the unit-gain bandwidth of the NBB converter. To al-
leviate pulse skipping and to avoid changing buck and boost modes
frequently, a duty-cycle locking method is adopted in the transi-
tion region of the buck and the boost. Hence, the duty-cycle lock-
ing method enhances power conversion and maintains the output
voltage. The experimental results demonstrate that the proposed
control schemes not only effectively reduce the line transient ripple
but also obtain high efficiency in a wide range of input voltage.

Index Terms—Boost converter, buck converter, buck–boost con-
verter, efficiency, line transient response.

I. INTRODUCTION

DUE to a wide range of operating input voltage, the
buck–boost topology is an appropriate choice for battery-

powered power supplies, telecommunication systems, power
factor correction (PFC) applications, and fuel-cell power sys-
tems [1]–[3]. Several basic converters are capable of perform-
ing both buck and boost operations, depending on the output
and input voltage relationship, such as inverting buck–boost,
single-ended primary-inductance (SEPIC), Cuk, and noninvert-
ing buck–boost (NBB) converters [4]–[6]. The NBB converter
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Fig. 1. NBB converter.

shown in Fig. 1 is widely used because of the positive out-
put voltage, lower voltage stress of the components, and single
inductor and output capacitor [7]–[10].

Two active switches Qa and Qb are employed in the NBB
converter, which provide flexible control methods. For instance,
when Qa and Qb are turned on and off concurrently, the NBB
converter works in the buck–boost mode. If Qb remains off and
Qa is sequentially turned on and off, the NBB converter operates
in buck mode. The NBB converter performs in boost mode when
Qa remains on and Qb is sequentially switched on and off.

If the continuous-conduction mode (CCM) NBB converter
operates in buck–boost mode when the input voltage Vin ap-
proaches the output voltage Vo , based on the inductor volt-
second balance method, the average inductor current iL,avg can
be expressed as Io/(1 − d), where the duty cycle d is about 0.5.
Hence, the value of iL,avg is around twice as large as that of the
output current. For the same conditions of the input and output
voltage, if the NBB converter works in boost mode, iL,avg is
equal to Io/(1 − d), but the duty cycle in this case is close to
zero. Therefore, the values of iL,avg and Io are the same when
d = 0. When the NBB converter operates in buck mode, iL,avg
is always equal to Io . The relationships of the average induc-
tor current and the output current in three operation modes are
given in Fig. 2. When the NBB converter works in buck–boost
mode, the value of average inductor current is larger than that
when operating in buck and boost modes, resulting in larger
power losses and output voltage ripples. Thus, it is essential to
prevent the NBB converter from operating in buck–boost mode
to achieve high efficiency in a wide range of input voltage.

In the battery-powered system or PFC applications, the
input voltage varies with battery status or sinusoidal in-
put voltage. Moreover, to increase reliability, flexibility, and
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Fig. 2. Relationships of the average inductor current and output current in
three operation modes.

utilization, multiple input sources are allowed in application
systems such as laptop computers, smartphones, and telecom-
munication power systems [11], [12]. The different sources such
as batteries, power grids, photovoltaic cells, and fuel cells have
different voltage and current characteristics. Thus, when users
switch to different input sources, the power converters would
suffer from sudden input voltage change. Hence, the NBB con-
verter also requires adequate line transient response to prevent
large output transient ripples when the input voltage varies.
Many studies had presented different approaches to enhance the
line transient response of a converter [13]–[25]. Peak current
mode control and average current mode control are adopted to
enhance the bandwidth of the NBB converter [13]–[18]. The
output transient ripple caused by input voltage change can be
diminished, but current sensing mechanism is required, which
causes additional power losses. Combination of buck and boost
modes of the NBB converter is employed to distribute the output
voltage transients [19], but the output transient ripples cannot
be fully eliminated with this control scheme. To improve the
line transient response of a dc–dc converter, a sampling signal
of the input voltage connected to the inverting pin of an error
amplifier is proposed in [21], [22]. However, this simple control
method doesn’t include a path of output voltage feedback, so
the output voltage is only determined by the amplitude of the
modulation signal. The valley and peak values of the sawtooth
signal vary with the input voltage in boost and buck modes, re-
spectively. Then, smooth transition of the NBB converter can be
implemented [24], [25]. However, the sawtooth generator needs
careful design; additional control blocks and a mode detector
increase the complexity of the control design.

In this paper, a CCM NBB converter with a fast duty-cycle
calculation (FDCC) control algorithm is presented. The FDCC
control includes auxiliary slopes that are related to the input and
output voltages. When the input voltage changes, utilizing the
modulation signal and auxiliary slopes can rapidly determine an
expected duty cycle. Therefore, fast-line transient response of
the NBB converter is achieved. The NBB converter avoids op-
erating in buck–boost modes to keep high conversion efficiency
in a wide range of input voltage. In Section II, the proposed

Fig. 3. Block diagram of the proposed NBB converter.

NBB converter with the FDCC control is addressed. Section III
introduces the frequency response of the proposed NBB con-
verter. Finally, experimental results and conclusions are drawn
in Sections IV and V, respectively.

II. CCM NBB CONVERTER WITH PROPOSED CONTROL

SCHEMES

A CCM NBB converter with the proposed control schemes
is shown in Fig. 3. To enhance power conversion efficiency, the
NBB converter operates in buck or boost mode only. In buck
mode, the switch Qa is controlled to adjust the output voltage
Vo and the switch Qb is always turned off when the input
voltage Vin is equal to or larger than the output voltage. In boost
mode, Qa is always turned on and Qb is controlled to adjust Vo

when Vin is smaller than Vo . Hence, the output voltage of NBB
converter in two operating modes is formulated as

Vo =
{

daVin , db = 0 for buck mode
V in

1−db
, da = 1 for boost mode

(1)

where da and db are the duty cycles of switches Qa and Qb ,
respectively. To achieve fast-line transient, FDCC control
adopts auxiliary slopes, which include the input voltage, output
voltage and output of the compensator. Utilizing the modulation
signal and auxiliary slopes can quickly determine an accurate
duty cycle when the input voltage changes. Therefore, an
adjustment amount of the compensator output can be elimi-
nated effectively, and thus fast-line transient response of the
CCM NBB converter is accomplished. The FDCC control and
duty-locking strategy are described in the following sections.

A. Compensator Response With PWM Control

Before the FDCC control is introduced, the compensator re-
sponse with PWM control is reviewed for the case where the
input voltage varies, as shown in Fig. 4. VH and VL represent
the maximum and the minimum values of the sawthooth signal,
respectively. When the input voltage drops, the output voltage
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Fig. 4. Compensator response with PWM control when the input voltage
(a) drops and (b) rises.

also decreases. Through the voltage-mode PWM feedback path,
the compensator output slowly rises from Vc1 to Vc2 to approach
the expected duty cycle. However, owing to large compensation
capacitance at the output node of the compensator and a large
adjustment amount ΔVc , it takes a long time for a converter to
adjust the output voltage back to the nominal value. Similarly,
when the input voltage rises, it takes a long time to regulate the
compensator output to be Vc2 , as shown in Fig. 4(b). Hence, the
FDCC control is required to immediately adjust the duty cycle
to minimize the adjustment amount of the compensator output.
Based on Fig. 4, the relationship between the modulation signal
and the compensator output Vc can be calculated in buck and
boost modes as

⎧⎨
⎩

Vc,buck = Vo

V i n
VM + VL

Vc,boost =
(
1 − Vo

V i n

)
VM + VL

where VM = VH − VL . (2)

When the input voltage changes from Vin1 to Vin2 , ΔVc in
both modes can be expressed as

{
ΔVc,buck = VM Vo

(
1

V i n 2
− 1

V i n 1

)
ΔVc,boost = VM

Vo
(Vin1 − Vin2)

. (3)

After the changes of the input voltage are known, the corre-
sponding adjustment amount of the compensator output will be
determined.

Fig. 5. Compensator response with FDCC control in (a) buck and (b) boost
modes when the input voltage rises.

B. Compensator Response With FDCC Control

To perform FDCC control in buck mode, the sawtooth signal
Vsaw with variable slope msaw and an auxiliary slope ma is
added, as shown in Fig. 5(a). The slope msaw is proportional
to the difference between the input and output voltages, while
the slope ma is proportional to the output voltage. Since the
slope msaw varies with the input voltage, subscripts 1 and 2
represent the different values of msaw when the input voltage
is equal to Vin1 and Vin2 , respectively. da1 represents the duty
cycle of switch Qa when the input voltage is Vin1 . The steady-
state duty cycle can be calculated with the sawtooth signal and
auxiliary slope. Since the sawtooth signal and auxiliary slope
ma intersects at Vd1 , the corresponding duty cycle is da1 . When
the input voltage rises, the slope of the sawtooth signal instantly
becomes msaw2 , and then the new intersection voltage Vd2 can
be quickly calculated with the auxiliary slope. Hence, the new
duty cycle da2 is determined immediately and accurately to
keep a regulated output voltage. Since the compensator output
Vc is kept constant, the fast-line transient response of the NBB
converter operating in buck mode can be realized. The more
detailed analysis and equations are described in the next section.

For operating in boost mode with FDCC control, the sawtooth
signal Vsaw with variable slope msaw and two auxiliary slopes
ma and mb are added, as shown in Fig. 5(b). Since the output
voltage of the NBB converter in boost mode is a nonlinear
function of the duty cycle, two auxiliary slopes are required
to obtain an accurate duty cycle and minimize the variation
of the compensator output. The slopes msaw , ma , and mb are
proportional to the input voltage, the output voltage, and the
difference between the output and input voltages, respectively.
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Fig. 6. CCM NBB converter with FDCC control in (a) buck mode and
(b) boost mode at steady state.

Since the slopes msaw and mb vary with the input voltage,
subscripts 1 and 2 represent the different values of msaw and mb

when the input voltage is equal to Vin1 and Vin2 , respectively. db1
represents the duty cycle of switch Qb when the input voltage is
Vin1 . First, the value of the voltage Vvalley can be obtained from
the compensator output Vc , the slope ma , and the switching
period Ts . Then, the intersection voltage Vd1 and steady-state
duty cycle db1 can be calculated from the slopes of msaw1 and
mb1 . When the input voltage rises from Vin1 to Vin2 , Vc is not
changed, and the slopes msaw , ma , and mb are increased, fixed,
and decreased, respectively. Thus, the duty cycle db2 can be
calculated rapidly and accurately with msaw2 and mb2 . Since Vc

is maintained at the same value, the fast-line transient response
of the NBB converter in boost mode can be realized.

C. Analysis of FDCC Control

For the CCM NBB converter with FDCC control in buck
mode, as shown in Fig. 6(a), the auxiliary slope ma and the
slope msaw of sawtooth signal are set as

ma = − αVo (4)

msaw = β (Vin − Vo) (5)

where α and β are constant values per unit time. The compen-
sator output Vc and intersection voltage Vd can be expressed
as

Vc = Vvalley + αVoTs (6)

Vd = Vc + madaTs = 0 + msawdaTs. (7)

By substituting (4) to (6) into (7), the duty cycle can be derived
as

da = [Vvalley + αVoTs ] × 1
[β (Vin − Vo) + αVo ] Ts

. (8)

At steady state, the duty cycle with FDCC control should be
equal to that of the conventional voltage conversion with PWM
control, and Vvalley is set to zero for the inductor voltage-second
balance. Hence, a conditional equation can be obtained as

(α − β) VinVo = (α − β) Vo
2 . (9)

In order for (9) to hold, α and β should be identical. If Vvalley
is not zero, Vvalley can be substituted using (6) and then (8) can
be rewritten as

da =
Vo

Vin
+

Vc − αVoTs

βVinTs
. (10)

For the buck mode at steady state, da is equal to Vo/Vin , so
the second term on the right-hand side of (10) should be zero
because of inductor voltage–second balance. It is noted that Vc

will change to compensate the voltage drops in the components
of the power stage under different load currents. To minimize
the Vc variation, α can be set as

α =
Vc,buck

VoTs
(11)

where Vc,buck is the middle value of the compensator output re-
gion when the NBB converter operates in buck mode. Similarly,
for the CCM NBB converter with FDCC control in the boost
mode, as shown in Fig. 6(b), the slope msaw of sawtooth signal
and two auxiliary slopes ma and mb are set as

msaw = βVin (12)

ma = − αVo (13)

mb = γ (Vin − Vo) (14)

where α, β, and γ are per unit time values. The valley and inter-
section voltages Vvalley and Vd can be expressed, respectively,
as

Vvalley = Vc − αVoTs (15)

Vd = Vvalley − mb (1 − db) Ts = 0 + msawdbTs. (16)

By substituting (12) to (15) into (16), the duty cycle can be
derived as

db = [Vvalley − γ (Vin − Vo) Ts ] × 1
(βVin − γVin + γVo) Ts

.

(17)
The duty cycle with FDCC control in steady state should

be equal to that of the conventional voltage conversion with
PWM control, and Vvalley is zero when the inductor voltage-
second balance is satisfied. Hence, a conditional equation can
be obtained as

VoVin (β − γ) = Vin
2 (β − γ) . (18)
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Fig. 7. Relationship between mode operation and input voltage.

Fig. 8. Small-signal model of the CCM NBB converter.

In order for (18) to hold, β and γ should be identical. If Vvalley
is not zero, (17) can be rewritten as

db =
Vo − Vin

Vo
+

Vc − αVoTs

βVoTs
. (19)

For the boost mode in steady state, db is equal to (Vo −
Vin)/Vo , so the second term on the right-hand side of (19) should
be zero because of inductor voltage-second balance. To mini-
mize the Vc variation, α can be set as

α =
Vc,boost

VoTs
(20)

where Vc,boost is the middle value of the compensator output
region when the NBB converter operates in boost mode. The
numerator (Vc − αVoTs) of the second term in (10) and (19)
can be treated as an adjustment amount ΔVc of the compensator
output. Compared with (3), the ΔVc with FDCC control is much
smaller than that with PWM control. Hence, the FDCC control
improves the line transient response of the NBB converter on
the disturbance of the input voltage.

D. Duty-Cycle Locking Method

When the input voltage approaches the output voltage, the
NBB converter will suffer pulse skipping phenomenon due to
a time delay between the controller’s output and the power
transistor’s gate [1], [7], [26]. For analog PWM scheme, the
major time delay results from propagation delay of the PWM
comparator and rising/falling time of the gate driver for switches
[1], [26]. Due to the time delay, the duty cycles of switches Qa

and Qb have jumps from maximum and minimum effective
duty cycles dmax and dmin to 100% and 0%. Hence, a dead
zone is formed around the transitions between the buck and the
boost modes. The dead zone causes uncontrolled pulse skipping,
leading to increased output voltage ripple and additional power
losses.

Since digital PWM scheme is employed in this work, the
major time delay is constrained by the rising/falling time of
the gate driver only. Therefore, the range of dead zone can be

diminished. To alleviate pulse skipping and to avoid changing
the buck and the boost modes frequently, a duty-cycle locking
method is adopted in the transition region of the buck and the
boost, as shown in Fig. 7. When the input voltage Vin is between
the voltages VA and VB , the NBB converter operates in the
duty-cycle locking mode. On the other hand, the NBB converter
operates in the buck or boost mode based on the Vin value. In
the duty-cycle locking region, the switches Qa and Qb are kept
on and off, respectively, which represents input power directly
transfers to load. While considering the turn-on resistance of
the switch Qa , the equivalent series resistance of the inductor,
and the forward voltage of the diode Db , the voltage VA and
VB are set as 20.6 and 19.9 V, respectively. Although the output
voltage has a slight offset, which is less than ±2%, the simple
control method enhances the power conversion and maintains
the output voltage.

III. FDCC CONTROL SCHEME FOR THE CCM NBB
CONVERTER

A. Derivation of Small-Signal Model of the NBB Converter

According to the averaged switch modeling method, the
small-signal model of the power stage is shown in Fig. 8 [27],
[28], where D′

B = (1 − DB ). In Fig. 8, the upper-case letters
represent dc terms, and the lower-case letters with hat represents
small-signal ac terms. As shown in (1), by setting DB = 0 and
d̂b = 0 in the small-signal model of the NBB converter, the
small-signal model in buck mode is obtained. Then, the transfer
functions of the line-to-output voltage Gv in,buck(s) and duty
cycle-to-output voltage Gvd,buck(s) can be calculated as [29]

Gv in,buck(s) =
v̂o

v̂in

∣∣∣∣
d̂a =0

= DA
1 + sCoResr

s2LCo (1 + Resr/RL ) + s (CoResr + L/RL ) + 1
(21)
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Gvd,buck(s) =
v̂o

d̂a

∣∣∣∣
v̂ i n =0

=
VO

DA

1 + sCoResr

s2LCo (1 + Resr/RL ) + s (CoResr + L/RL ) + 1
.

(22)

Similarly, as shown in (1), by setting DA = 1 and d̂a = 0 in
the small-signal model of the NBB converter, the small-signal
model in boost mode is derived. The transfer functions of the
line-to-output voltage Gv in,boost(s) and duty cycle-to-output
voltage Gvd,boost(s) can be formulated as

Gv in,boost(s) =
v̂o

v̂in

∣∣∣∣
d̂b =0

=
1

DB
′

(1 + s/ωesr)
1 + 2ξs/ω0 + s2/ω0

2

where D′
B = 1 − DB , ω0 =

D′
B√

LCo (1 + Resr/RL )
,

ξ =
L + CoResrRLD′

B
2

2D′
B

√
LCo

(
RL

2 + ResrRL

) , ωesr =
1

CoResr
(23)

Gvd,boost(s) =
v̂o

d̂b

∣∣∣∣
v̂ in =0

=
VO

D′
B

(1 − s/ωRHPZ) (1 + s/ωesr)
1 + 2ξs/ω0 + s2/ω0

2

where ωRHPZ =
D′

B
2RL

L
. (24)

B. Derivation of Small-Signal Model of the FDCC Control

According to the averaged switch modeling approach, the
average values of duty cycle and voltage include dc and ac
terms, so Vd shown in Fig. 6(a) can be written as

Vd = VD + v̂d

= VC + v̂c − α (VO + v̂o)
(
DA + d̂a

)
Ts

= β (VIN + v̂in − VO − v̂o)
(
DA + d̂a

)
Ts. (25)

Since the ac variations are much smaller than the dc values,
the nonlinear ac terms can be neglected. Thus, the small signal
of the compensator output in (25) can be derived as

v̂c = d̂a (βVINTs − βVO Ts + αVO Ts)

+ βv̂inDATs − v̂o (βDATs + αDATs) . (26)

Based on Section II-C for operating in buck mode, α is equal
to β, so the transfer functions of modulation gain Gmod,buck(s)
and feedforward gain Gf f,buck(s) can be formulated as

G mod ,buck(s) =
d̂a

v̂c

∣∣∣∣∣
v̂ i n =0,v̂o =0

=
1

βVINTs
(27)

Gf f,buck(s) =
d̂a

v̂in

∣∣∣∣∣
v̂ c =0,v̂o =0

= −DA

VIN
. (28)

Fig. 9. General small-signal block diagram of the NBB converter with FDCC
control.

Likewise, Vd shown in Fig. 6(b) can be expressed as

Vd = VD + v̂d

= VC + v̂c − α (VO + v̂o) Ts

+ γ
(
VO + v̂o − VIN − v̂in

) (
1 − DB − d̂b

)
Ts

= β (VIN + v̂in)
(
DB + d̂b

)
Ts. (29)

By neglecting the nonlinear ac terms, the small signal of the
compensator output in (29) can be obtained as

v̂c = d̂b (γ (VO − VIN) Ts + βVINTs)

+ v̂in (γ (1 − DB ) Ts + βDB Ts)

− v̂o (−αTs + γ (1 − DB ) Ts) . (30)

Based on Section II-C for operating in boost mode, β is equal
to γ, so the transfer functions of modulation gain Gmod,boost(s)
and feedforward gain Gf f,boost(s) can be formulated as

G mod ,boost(s) =
d̂b

v̂c

∣∣∣∣∣
v̂ in =0,v̂o =0

=
1

γVO Ts
(31)

Gf f,boost(s) =
d̂b

v̂in

∣∣∣∣∣
v̂ c =0,v̂o =0

= − 1
VO

. (32)

C. Line-to-Output Voltage Transfer Function of the CCM NBB
Converter with FDCC Control

The general small-signal block diagram of the NBB con-
verter with FDCC control is shown in Fig. 9. The block diagram
includes the feedback network H(s), the compensator Gc(s),
the modulation gain Gmod(s), the feedforward gain Gf f (s),
the line-to-output voltage Gv in(s), and the duty cycle-to-output
voltage Gvd(s). Gv in(s), Gvd(s), Gmod(s), and Gf f (s) are de-
rived in (21)–(24), (27), (28), (31), and (32), respectively, when
the NBB converter operates in buck mode and boost mode.
Based on Fig. 9, the loop gain of the NBB converter can be
written

T (s) = Gc(s)G mod (s)Gvd(s)H(s). (33)
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TABLE I
DESIGN PARAMETERS OF THE NBB CONVERTER

Input dc voltage, Vin 12−30 V

Output voltage, Vo 19 V
Rated output current, Io 5 A
Switching frequency, fs 100 kHz
Switches, Qa and Qb IRFZ34NL
Diodes, Da and Db MBR1645
Output inductor, L 76 μH
Output capacitor, Co 200 μF
Feedback network, H 0.1112
Modulation gain, Gm od ,buck 0.2932
Modulation gain, Gm od ,boost 0.3858

Fig. 10. Bode plots of the loop gain for (a) buck mode (Vin = 30 V) and
(b) boost mode (Vin = 12 V).

By setting Gc(s) = 1 and substituting Gvd(s) and Gmod(s)
into (33), the uncompensated loop gains Tu,boost(s) and
Tu,buck(s) in boost and buck modes can be obtained, respec-
tively. Based on the parameters of the prototype listed in Table І,
the bode plots of the uncompensated loop gain in buck and boost
modes are given with dashed lines in Fig. 10. Compared with
Tu,buck(s), Tu,boost(s) has an additional right-half-plan (RHP)

Fig. 11. Bode plots of the closed-loop line-to-output voltage transfer function
for boost mode (Vin = 12 V).

Fig. 12. Experimental prototype.

zero ωRHPZ described in (24). For Tu,boost(s) with the mini-
mum input voltage and rated load current, the ratios of ωRHPZ
to the complex poles ω0 and ESR zero ωesr to ωRHPZ are 3.9
and 25.2, respectively. In other words, ωRHPZ is closer to ω0 and
ωesr is far away from ωRHPZ . Hence, the PID and dominant pole
compensations are used for buck and boost modes, respectively,
and the bode plot of the compensated loop gain are shown with
solid lines in Fig. 10.

Based on Fig. 9, the disturbance v̂in influences the output volt-
age through two paths. One is Gv in(s) generated from the power
stage, and the other is Gf f (s) produced from the FDCC control,
so the closed-loop line-to-output voltage transfer function can
be expressed as

Tv in(s) =
v̂o

v̂in, closed−loop
=

(Gv in(s) + Gf f (s)Gvd(s))
1 + T (s)

.

(34)
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Fig. 13. Line transient responses in boost mode (a) and (b) without and
(c) and (d) with the FDCC control.

Gf f (s) is set to zero for an NBB converter without the FDCC
control. When Gv in(s), Gf f (s), and Gvd(s) are substituted into
(34), the theoretical dc value of the numerator in (34) is equal
to zero whether the NBB converter operates in boost or buck
mode. It indicates that adopting the FDCC control can realize
ideal feedforward compensation for buck and boost operations.
Hence, the magnitudes of Tv in(s) at low frequencies are very

Fig. 14. Line transient responses in buck mode (a) and (b) without and (c)
and (d) with the FDCC control.

tiny for both modes. The FDCC control through Gf f (s) can
effectively eliminate the input-voltage-induced variations that
propagate through Gv in(s). However, in boost mode, the RHP
zero alleviates the effect of the FDCC control. Therefore, the
contribution of FDCC control in buck mode is more prominent
than that in boost mode. The magnitudes of Tv in(s) with and
without the FDCC control in boost mode are shown in Fig. 11.
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Fig. 15. Line transient responses of the NBB converter with the FDCC control
(a) from boost mode to buck mode and (b) from buck mode to boost mode.

IV. EXPERIMENTAL RESULTS

To verify the feasibility of the FDCC control, a
100-W laboratory NBB converter was implemented with a
DSP TMS320F28035. The design parameters of the NBB con-
verter are listed in Table I. The photograph of the experimental
prototype is shown in Fig. 12. Figs. 13 and 14 show the line
transient response without and with the FDCC control, when
the NBB converter operates in different modes with a load cur-
rent of 3 A, and the input voltage steps between 12 and 19
V and between 21 and 30 V, respectively. The signals from
top to bottom are the input voltage Vin , output voltage ripple
ΔVo , and duty cycles da and db . The reaction of the NBB con-
verter without FDCC control depends on the voltage feedback
loop, so Vo induces a large transient ripple, which is larger than
0.58 V, during the line transient period. Because the unit-gain
bandwidth of the NBB converter in boost mode is much smaller
than that in buck mode as shown in Fig. 10, the output transient
ripple without FDCC control in boost mode is much bigger than
that in buck mode. On the other hand, the output voltage can
be kept at its nominal value due to the feedforward path of the
FDCC control. Thus, regardless of the unit-gain bandwidth of
the NBB converter, the FDCC control can eliminate the output
transient ripple during line transient period. In Fig. 15, when the
input voltage changes between 18 and 23 V and load current is 3
A, the NBB converter switches between the buck and the boost
modes. Owing to FDCC, the output transient ripple is less than
0.4 V.

Fig. 16 shows the waveforms of the NBB converter with-
out and with the duty-cycle locking method when the input

Fig. 16. Waveforms for (a) without and (b) with the duty cycle locking method
when the input voltage approaches the output voltage.

Fig. 17. Load transient responses in buck mode for (a) step-down and (b)
step-up loads.
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Fig. 18. Load transient responses in boost mode for (a) step-down and (b)
step-up loads.

Fig. 19. Power conversion efficiency of the NBB converter with FDCC con-
trol.

voltage is 20 V. The pulse skipping issue increases output ripple
when the input voltage is close to the output voltage. With the
duty-cycle locking method, the output voltage is kept constant.
Figs. 17 and 18 show the measured waveforms of the NBB con-
verter in buck and boost modes, respectively, for the load current
change between 1 and 5 A. Fig. 10 shows the unit-gain band-
width of the NBB converter in buck mode is much larger than
that in boost mode. It results in much better transient response
of the NBB converter operating in buck mode than that in boost
mode. Fig. 19 shows the power conversion efficiency of the
NBB converter with different load currents and input voltages
under the proposed control scheme. The maximum and aver-
age efficiencies with 3-A load current are 96.2% and 95.4%,
respectively. The NBB converter accomplishes high efficiency
in a wide range of input voltage.

V. CONCLUSION

A CCM NBB converter with the FDCC control and duty-
locking strategy is proposed in this paper. When the input volt-
age changes, the FDCC control adopts auxiliary slopes and
variable slope of the modulation signal to rapidly determine an
accurate duty cycle and effectively keep the compensator output
in the buck and the boost modes. It is shown that the theoreti-
cal dc value of the numerator of the closed-loop line-to-output
voltage transfer function is zero when the CCM NBB converter
operates in boost and buck mode. It represents that employing
the FDCC control in the NBB converter can achieve ideal feed-
forward compensation. Hence, the output transient ripple of the
NBB converter with FDCC control can be reduced dramatically
regardless of the unit-gain bandwidth of the NBB converter. To
reduce power losses of the switches and diodes and to alleviate
pulse skipping, the duty-cycle locking method is used in the
transition region of the buck and boost. Thus, power conversion
is enhanced and the output voltage can be maintained. Exper-
imental results demonstrate that the output transient ripple is
eliminated significantly during line transient period. The maxi-
mum and average efficiencies with 3-A load current are 96.2%
and 95.4%, respectively.

ACKNOWLEDGMENT

The authors would like to thank the National Chip Implemen-
tation Center, Taiwan, for tool training.

REFERENCES

[1] Y. J. Lee, A. Khaligh, A. Chakraborty, and A. Emadi, “A compensa-
tion technique for smooth transitions in a noninverting buck–boost con-
verter,” IEEE Trans. Power Electron., vol. 24, no. 4, pp. 1002–1016,
Apr. 2009.

[2] E. Schaltz, P. O. Rasmussen, and A. Khaligh, “Non-inverting buck–boost
converter for fuel cell application,” in Proc. IEEE Annual Conf. IEEE Ind.
Electron., 2008, pp. 855–860.

[3] G. K. Andersen and F. Blaabjerg, “Current programmed control of
a single-phase two-switch buck–boost power factor correction cir-
cuit,” IEEE Trans. Power Electron., vol. 53, no. 1, pp. 263–271,
Feb. 2006.

[4] E. Lefeuvre, D. Audigier, C. Richard, and D. Guyomar, “Buck–boost
converter for sensorless power optimization of piezoelectric energy har-
vester,” IEEE Trans. Power Electron., vol. 22, no. 5, pp. 2018–2025, Sep.
2007.

[5] C. Jingquan, D. Maksimovic, and R. Erickson, “Buck–boost PWM con-
verters having two independently controlled switches,” in Proc. IEEE
32nd Annu. Power Electron. Spec. Conf., Jun. 2001, vol. 2, pp. 736–741.

[6] N. Mohan, T. M. Undeland, and W. P. Robbins, Power Electronics: Con-
verters, Applications, and Design, 3rd ed. Hoboken, NJ, USA: Wiley,
2003.

[7] C. Restrepo, T. Konjedic, J. Calvente, and R. Giral, “Hysteretic transition
method for avoiding the dead-zone effect and subharmonics in a non-
inverting buck–boost converter,” IEEE Trans. Power Electron., vol. 30,
no. 6, pp. 3418–3430, Jun. 2015.

[8] D. C. Jones and R. W. Erickson, “A nonlinear state machine for dead
zone avoidance and mitigation in a synchronous noninverting buck–boost
converter,” IEEE Trans. Power Electron., vol. 28, no. 1, pp. 467–480, Jan.
2013.

[9] X. Ren, X. Ruan, H. Qian, M. Li, and Q. Chen, “Three-mode dual-
frequency two-edge modulation scheme for four-switch buck–boost con-
verter,” IEEE Trans. Power Electron., vol. 24, no. 2, pp. 499–509, Feb.
2009.

[10] C. Yao, X. Ruan, and X. Wang, “Isolated buck–boost dc/dc converters suit-
able for wide input-voltage range,” IEEE Trans. Power Electron., vol. 26,
no. 9, pp. 2599–2613, Sep. 2011.



LIU AND CHANG: CCM NONINVERTING BUCK–BOOST CONVERTER WITH FAST DUTY-CYCLE CALCULATION CONTROL 5107

[11] O. C. Onar, O. H. A. Shirazi, and A. Khaligh, “Grid interaction operation of
a telecommunications power system with a novel topology for multiple-
input buck–boost converter,” IEEE Trans. Power Del., vol. 25, no. 4,
pp. 2633–2645, Oct. 2010.

[12] C.-L. Shen, and P.-C. Chiu, “Buck–boost–flyback integrated converter
with single switch to achieve high voltage gain for PV or fuel-cell appli-
cations,” IET Power Electron., vol. 9, no. 6, pp. 1228–1237, 2016.

[13] C. L. Wei, C. H. Chen, K. C. Wu, and I. T. Ko, “Design of an average-
current-mode noninverting buck–boost dc–dc converter with reduced
switching and conduction losses,” IEEE Trans. Power Electron., vol. 27,
no. 12, pp. 4934–4943, Dec. 2012.

[14] A. A. Ahmad and A. Abrishamifar, “A simple current mode controller for
two switches buck–boost converter for fuel cells,” in Proc. IEEE Elect.
Power Conf., 2007, pp. 363–366.

[15] R. D. Middlebrook, “Modeling current-programmed buck and boost reg-
ulators,” IEEE Trans. Power Electron., vol. 4, no. 1, pp. 36–52, Jan. 1989.

[16] R. B. Ridley, “A new, continuous-time model for current-mode control,”
IEEE Trans. Power Electron., vol. 6, no. 2, pp. 271–280, Apr. 1991.

[17] N. Kondrath and M. K. Kazimierczuk, “Control-to-output transfer func-
tion of peak current-mode controlled pulse-width modulated DC–DC buck
converter in continuous conduction mode,” IET Power Electron., vol. 5,
no. 5, pp. 582–590, 2012.

[18] B. Bryant, and M. K. Kazimierczuk, “Modeling the closed-current loop
of PWM dc–dc boost converter operating in CCM with peak current-
mode control,” IEEE Trans. Circuits Syst. I, Reg. Papers, vol. 52, no. 11,
pp. 2404–2412, Nov. 2005.

[19] Y. J. Lee, A. Khaligh, A. Chakraborty, and A. Emadi, “Digital combination
of buck and boost converters to control a positive buck–boost converter
and improve the output transients,” IEEE Trans. Power Electron., vol. 24,
no. 5, pp. 1267–1279, May 2009.

[20] T. Watanabe, T. Nabeshima, T. Sato, and K. Nishijima, “Buck–boost con-
verter controlled by hysteretic PWM method with input voltage feedfor-
ward,” in Proc. IEEE INTELEC, 2011, pp. 1–6.

[21] M. K. Kazimierczuk and L. A. Starman, “Dynamic performance of PWM
DC–DC boost converter with input voltage feedforward control,” IEEE
Trans. Circuits Syst. I, Reg. Papers, vol. 46, no. 12, pp. 1473–1481, Dec.
1999.

[22] M. K. Kazimierczuk, A. J. Edstrom, and A. Reatti, “Buck PWM DC–
DC converter with reference-voltage-modulation feedforward control,” in
Proc. IEEE ISCAS, 2001, vol. 3, pp. 537–540.

[23] J. A. Weimer, M. K. Kazimierczuk, A. Massarini, and R. C. Cravens,
“Feedforward control of aircraft bus dc boost converter,” U.S. Patent 5
982 156, Nov. 9, 1999.

[24] P. C. Huang, W. Q. Wu, H. H. Ho, and K. H. Chen, “Hybrid buck–boost
feedforward and reduced average inductor current techniques in fast line
transient and high-efficiency buck–boost converter,” IEEE Trans. Power
Electron., vol. 25, no. 3, pp. 719–730, Mar. 2010.

[25] J. J. Chen, P. N. Shen, and Y. S. Hwang, “A high efficiency positive buck–
boost converter with mode-select circuit and feed-forward techniques,”
IEEE Trans. Power Electron., vol. 28, no. 9, pp. 4240–4247, Sep. 2013.

[26] R. Paul and D. Maksimovic, “Analysis of PWM nonlinearity in non-
inverting buck–boost power converters,” in Proc. IEEE PESC, Jun. 2008,
pp. 3741–3747.

[27] R. W. Erickson and D. Maksimovic, Fundamentals of Power Electronics,
Norwell, MA, USA: Kluwer, 2011.

[28] G. W. Wester and R. D. Middlebrook, “Low-frequency characterization
of switched dc–dc converters,” IEEE Trans. Aerospace Electron. Syst.,
vol. AES-9, no. 3, pp. 376–385, May 1973.

[29] M. K. Kazimierczuk, Pulse-Width Modulated DC–DC Power Converters,
2nd ed. Hoboken, NJ, USA: Wiley, 2015.

Pang-Jung Liu (S’08–M’10) received the B. S. and
M.S. degrees from National Taiwan University of Sci-
ence and Technology, Taipei, Taiwan, in 1998 and
2000, respectively, and the Ph.D. degree from the
Graduate Institute of Electronics Engineering, Na-
tional Taiwan University, Taipei, Taiwan, in 2010.

From 2000 to 2003, he was an Engineer at Taiwan
Semiconductor Manufacturing Company (TSMC).
From 2003 to 2005, he was engaged in digital IC de-
sign with ELAN Microelectronics Corporation. From
August 2010 to January 2012, he was with the Depart-

ment of Electrical Engineering, National Ilan University, I-Lan, Taiwan. Since
2012, he has been with the Department of Electrical Engineering, National
Taipei University of Technology, Taipei, where he is currently an Associate
Professor. His current research interests include power management IC, dc–dc
converter, LCD/LED driver, and mixed-mode IC design.

Che-Wei Chang was born in Taipei, Taiwan, in 1991.
He received the B.S. degree in electrical engineer-
ing from Chung Yuan Christian University, Taoyuan,
Taiwan, in 2013, and the M.S. degree in electrical
engineering from National Taipei University of Tech-
nology, Taipei, in 2015.

He is currently with Delta Electronics Corpora-
tion, Taoyuan. His current research interests include
DSP-based control system, power electronics, and the
analysis of algorithms.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Algerian
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BaskOldFace
    /Batang
    /Bauhaus93
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BritannicBold
    /Broadway
    /BrushScriptMT
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Chiller-Regular
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /CooperBlack
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FootlightMTLight
    /FreestyleScript-Regular
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Impact
    /InformalRoman-Regular
    /Jokerman-Regular
    /JuiceITC-Regular
    /KristenITC-Regular
    /KuenstlerScript-Black
    /KuenstlerScript-Medium
    /KuenstlerScript-TwoBold
    /KunstlerScript
    /LatinWide
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSansUnicode
    /Magneto-Bold
    /MaturaMTScriptCapitals
    /MediciScriptLTStd
    /MicrosoftSansSerif
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MS-Mincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NuptialScript
    /OldEnglishTextMT
    /Onyx
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Parchment-Regular
    /Playbill
    /PMingLiU
    /PoorRichard-Regular
    /Ravie
    /ShowcardGothic-Reg
    /SimSun
    /SnapITC-Regular
    /Stencil
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TempusSansITC
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanMTStd
    /TimesNewRomanMTStd-Bold
    /TimesNewRomanMTStd-BoldCond
    /TimesNewRomanMTStd-BoldIt
    /TimesNewRomanMTStd-Cond
    /TimesNewRomanMTStd-CondIt
    /TimesNewRomanMTStd-Italic
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZapfChanceryStd-Demi
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Suggested"  settings for PDF Specification 4.0)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


