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Abstract: The critical conduction mode buck converter is a good topology due to it providing features such as protection against short
circuits, low output-voltage at high input-voltage, low inrush-current, low voltage gain ratio gives small output-voltage ripple.
However due to dead zone, its input power factor is low. The power factor can be made higher by introducing boost converter to work
with buck converter at the time of dead zone. Though, when the on time of the switch is constant due to operation in traditional control
technique (TCT), its efficiency is low. Due to the large peak and rms values of the inductor current, there are significant conduction
and switching losses, which are the main cause of the low efficiency. This publication presents a variable on-time control strategy that
reduces peak current values and thus improves performance. The proposed study focuses on the critical conduction mode integrated
buck-boost (CRMIBB) converter. The main contribution of the paper is that it requires only feed-forward circuits in buck switch as
compared to other research work to improve the efficiency of the CRM buck converter. Using SABER SIMULATOR, a comparison
of the proposed control technique (PCT) and the traditional control technique (TCT) is achieved to confirm the efficiency of the PCT.
The efficiency of the (CRMIBB) converter is found to be enhanced by (PCT) in comparison to TCT.

Keywords: Critical conduction mode integrated buck-boost (CRMIBB); traditional control technique (TCT); proposed

control technique (PCT); Saber Simulator

1. Introduction

Due to the growing demand for electronic devices, which
necessitates the conversion of AC to DC, the non-linear
components (such as diode & thyristor) generate the
harmonic content in electronic equipment connected to AC
power system must be within a certain range in order to
comply with regulatory standards. This criterion is achieved
by modifying the input phase current such that it has a
sinusoidal shape and is in phase with the input phase
voltages using active power factor improvement (PFI)
circuits.

Non-linear loads working simultaneously create a major
harmonic distortion issue in the electrical distribution
system, which has negative effects on the voltage distortion,
power quality, power factor, and efficiency [1]. Power factor
improvement divided into passive & active different
categories. An active power factor improvement converter
(PFIC) can obtain a high PF when compared to a passive
PFIC [2-14]. PFICs are commonly utilized in AC-DC power
converters to eliminate harmonic distortion & achieve unity
power factor to meet standards such as IEEE 519 and
IEC61000-3-2 [15-16]. Buck Power Factor Improvement
Converters (BPFICs) are considerably superior topologies
than PFICs because they provide benefits including lower

inrush current, lower voltage gain ratio, lower output voltage
ripple, protection against short circuits, and single active
switch operation. However, the dead zone in the (BPFIC)
input current has led to low power factor (PF) and other
power quality problems. Various researchers have suggested
several control approaches to improve the efficiency of
BPFIC [17-30]. This research paper implements the
proposed control technique (PCT), in order to decrease
conduction and switching losses caused by the peak and
average values of inductor current in a critical conduction
mode integrated buck-boost converter (CRMIBB).The main
contribution of the paper is that it requires only feed-forward
circuits in buck switch as compared to other research work
to improve the efficiency of the CRM buck converter

There are six portions in this paper. The first portion
provides a thorough review of the (CRMIBB) converter
using conventional control methodology. In second part
(PCT) is implemented, to increase the effectiveness of the
(CRMIBB) converter. Conduction and switching losses are
analyzed in the third portion of the paper. The simulated
verification in the fourth part demonstrates the PCT's
efficiency. The final part discusses the result.
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2. Traditional Control Technique for Critical
Conduction mode Integrated BUCK/BOOST
Converter

The basic circuit of the converter (CRMIBB) is shown in
Figure 1. It is a buck converter using a normal inductor in
series with a boost converter. It operates in buck mode with
the boost switch open when the instantaneous input line
voltage is greater than the boundary voltage; otherwise, it
operates in boost mode with the buck switch closed.
Compared to the output voltage, the boundary voltage is
slightly higher. The converter uses CRM, and its operation
can be analyzed in two cases.
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Figure.l. Block diagram of IBBC

Mathematically, the input and rectified input voltage are
written as

vin(0) = \/Ev;’ms sin6 )

Vg = VZWslsin 6 @
Here, Vs is the value of rms.

IBBC will operate in buck mode till input voltage exceeds
the boundary voltage. Hence, Qpuck Works when Qpoost turned
off.

When the buck switch is turned on, the maximum inductor
current and average value of input is expressed as

V2Vymslsin 8|V,
L

iL(pkl)(g) = ton Bp<0<m—6,) 3)

boundary

'\/Evrms

Where ¢, = arcsin

, _ ((V2Vrmslsin 81=V5)\ tonVo

avg)puc(0) = ( VZVrmslsin 6] ) 2L “)
The IBBC will work in boost mode till input voltage is less
than the boundary voltage. Hence, Quoost Operates when Qpuck
is turned off

When the boost switch is turned on, the maximum inductor
current and average input current is expressed as

, V2Vymslsin 8]

LL(pk2) ) = mz = ton (5)
i V2Vyms|sin 6|

lboost(avg)(e) = %ton (6)

According to the analysis, the (CRMIBB) converter with
TCT has the following average input current.

lin(rer) (6)
( ton\/_Vrms |sin 6]

{L(W Vrmslsmel )

V2V slsin 0|

(0<6<6,&m—0,<6<m)

onVo

2L

6, <6<m—-6,)
)

The input power of the IBBC is stated as follows from (1)
and (6) respectively;

)
o ] 2
P rer = [Zf (\/EVrmslsm HI) do
0

-0,
+ j V,(V2V,slsin 6] =V, )de
0, 2 L
(€)
Assuming IBBC efficiency is 100%, ton may now be
calculated.
ton
B 2P, L
- 2 —
(203" (V2Whmslsin 01)°d6 + f;7 " Vo (V2Whslsin 6] — V,)d6]

3. Proposed Control Technique for Critical
Conduction mode Integrated BUCK/BOOST
Converter

The input current can be written as follow for high efficiency
and power balance

V2P, |sin 6|

Vrms

i;n(0) = )
We can obtain the desired on time of buck switch by
combining (4) and (9).

(Vin sin )2

t =k,, ————
on_b ON Y (Vi sin O=V)

(10)

For the boost switch, there is no need of any variation of
time. So no need of feed forward circuits.

According to the proposed control strategy, the input power
is

konViZ
Pm _PCT = f (Uln lm)dg - o:Lm

1)
By assuming 100% efficiency, the value of ko is obtained.

4P,L
Vi

kon = (12)

4. Analysis of Power Loss
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The rms current of switch Qp and Qup during the on-time
period, which may be obtained as

0 -
2f,° Lf(pkz)(e)pde

Lmsepp.omy =~ (13 (a))
J509 12 ey (DB

Irms(Qb_on) = + (13(b))

The off-time period's rms current may be calculated as

Jz 190 ), (0)a-D)a6

Icav o ofpyrms = P (13(c))
[500 2 11y, (6)(1-D)aB
ligv offyrms = \/ e (13(d))
Here
Yo Q,Conducting
- b
D= Vn;zlne . (14)
VotV sind Qp/pConducting

As Qp and Qpp are turned on and turned off, current flow
through inductor's windings, and its rms current is

I (TCT)rms =

2 2 2 2
\/I(Qb,on,TCT)rms + I(Qb,off,TCT)rms + I(Qb/b,on,TCT)rms + I(Qb/b,off,TCT)rms

(15 (@)

I (PCT)rms =

\/I(ZQb_on_PCT)rms + I(sz_ﬂff_PCT)TmS + I(ZQb/b_on_PCT)rms + I(sz/b_Off_PCT)rmS
(15(b))
4.1 Losses of the Bridge Rectifier

The formula below is used to calculate the loss of the bridge
rectifiers.

(16 (2))
(16(b))

P(TCT)b‘ridge_con = 2VFDI(TCT)avg_in
P(PCT)bridge,con = 2VFDI(PCT)a.vg,in

The rectifier bridge KBL10 is adopted, and its forward
voltage drop VFD is 0.89V. The suggested control
strategy and the traditional input current are both specified
as

TTPoVoVmsin @

[ fgo (Vo+Vm sin 6)
fegvg(vmsin )2

0 (Vo+Vimsin @)

a |

d0+f9"o/z Vo (Vi 5in 8-V,,)d0 |

&(Vm sin e—vo)
Vmsin6

1|°

Iinavg(TCT) = ;

=6, 2
fga fegvg(vmsin 9)2

A0+ Vo (Vi sin 6-V,)d6 GJ
0 (VotVimsind) 6o VoVmSIn&=V,

(17 (@)

4P,
TVm

(17(b))

[(PCT)avgjn =

4.2 The Switches’ Turn-On Losses

The losses from switch conduction may be obtained as
P(TCT)switchcon =

2 2
I(TCT_on_Qb)Tms R(On)DS_Qb + I(TCT_on_Qb/b)rms R(On)DS_Qb/b

(18 (a))
P(PCT)switchcon =

2 2
[(PCT_on_Qb)rmsR(On)DS_Qb + I(PCT_on_Qb/b)rmsR(On)DS_Qb/b

(18(b))

The value of 0.19 for Rps(on) for the switch 20N60C3 is
taken from the datasheet.

4.3 The Switches’ Turn-Off Losses

According to the traditional and suggested control strategy,
the turn off loss of the buck & buck/boost switches may be
calculated as

P(TCT)switches_off
6o i(TCT_pkz)L(Vm sin 6+V,)
2]
0 2

trifirer)sd0 | 1

=0, (TCT_pk1)(0)Vim sin 6
+ fgo ow—mthf(TCT)sde A

2
(39(a))
P(PCT)switchesoff

00 ipcT_pk2)L (Vi sin 6+Vp)
zfoo £ 2m : trifrerysdo | 1

+ fgz_eo i(PCT’pkl)LZ( P 0 trafper)sd0 |
(19(b))

Based on the datasheet, the turn-off fall time for CMOS

20N60C is 12ns.

With both control strategies, the inductor current's peak-

value is expressed.

Lrer)pk =

PV, sin 6

i(TCT—ka)L = 6o Vo (Vi sin )2 /2 .
fO md@ + fao Vo(Vm sinf — Vo) de

P, (V,, sinf — V)

i =
(TCT_pk1) 0o Vo (Vi sin 8)2 /2 i
Js Worvmsmey 20+ Joo Vo(Vsin® — ;) do
(20(2))
i _ 4Posing(Vo+Vmsin @)
. LpcT_pk2)L = To
l(PCT)pk - . 4P, sin 62 (20(b))
Kperpie)t = —

For both control schemes, the switching frequency may be
determined as

i(remypk =
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(i PV}, sin 6
i =
| frerpRL = G, Vs 0 ez
fo (Vo+Vy sin 6) dé + f V,(V,, sin 0

P, (V;, sinf — V)

— ) db

Lrer pr1) = 06 Vo (Vi sin 8)2 /2 .
fO VotV 5in8) 6+ feo V,(V,sin6 —V,) d6
(21(a))
. 4P, sin 9(V0+Vm sin 9)
' LpcT pk2)L = ViV
Lpcr)pk = ] 4P, sin 02 (21(b))
Lpcr_pk1)L = Vo
The switching frequency is calculated as
f(TCT)s =
0o Vo (Vim sin 8)2 1'[/2 .
fV (fo Wd9+f (V SlnH—I/;,)dH)
{ nP,L(V, + V,, sin Q)
90 Vo(Vm sin )2 n/ .
(Vo (Jy emsntsdf + [/ Vy(Vp sin 6 — V) do)
L P, LV, sin 0
(22(a))
V&V,
2Py L(Vip sin +V,)2
f(PCT)s = oo (22(b))

V& (Vi sin 0-V,)
4PyLVp, sin3 @

4.4 The Inductor’s Copper Losses

The copper losses of the inductor with the proposed &
conventional control schemes is expressed

(23(a))

P(TCT)copper = IEms(TCT)Rcopper
(23(h))

— J2
P(PCT)copper - Irms(PCT)Rcopper

The equivalent resistance of the copper wire is 0.1ohms.

4.5 The Core Losses of Inductor

The core losses of the inductor under the proposed &
conventional control schemes is determined as

Pcore(TCT) =
103V, [ (™
¢ [ fo Cofrerys Bereryae (Cto — Cty Ty — Ct,T2)d6
(24(2))
Li(TcT_pk2)L
2N A,
B(reryac = Licrer pyt (24(b))
2NAe
P(PCT)core =
1031/;

m
[ j Cm f(PCT)S"B(PCT)aCy (Cty — Ct,T, — Ct,T2)dO
0
(24(c))

Li(pcT_pk2)L
2NAe
Litpcr pk1)L
2NAe

(24(d))

B(PCT)ac =

4.6 The Freewheeling Diode’s Conduction
Losses

The freewheeling diode's conduction loss is expressed as

_ VFwaf i(rerypk [1—D]do
T J 2

(25(2))

P(TCT)con_freewheelingdiode

_ Vo f “leervk 1 _ pigg
T J 2
(25(0))

The freewheeling diode MUR 1560 has a 0.67 forward
voltage drop.

4.7 The Theoretical Efficiency

P(PCT)con_freewheelingdiode

The following formula may be used to determine the
theoretical effectiveness of both the conventional and
proposed control schemes.

Nrer =

0

[Po+PTCT(con,bridge)+PTCT(con_switches)+PTCT(off switches)

+PTCT(copper)+PTCT(core)+PTCT(con,freewheelingdiode)
(26(a))
NMpcr =

P

Po+PPCT(con_bridge)+PPCT(con,switches)+PpCT(offiswitches)]

+PPCT(coppe‘r)+PPCT(co‘re)+PPCT(con_freewheelingdiode)

(26(b))

Figures 2-4 show the loss distribution at 90 VAC, 220 VAC,
and theoretical efficiency, respectively, based on the
analysis and converter parameters mentioned above. It is
clear that the suggested control strategy increases efficiency
while decreasing the converter's overall losses.

6.0

L Ter
1 PCT

[
i

ﬂﬁ]_mﬂ M
1 2 3 4 3 &

0
Figure.2. Loss Distribution at 90VAC
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Figure.3. Loss Distribution at 220VAC
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5. Simulation Verification

Simulations are used to confirm the suggested strategy's
efficiency. The output voltage is 80V, while the input
voltage ranges from 90 to 264 VAC. L6561 IC is used to
ensure that the current is in CRM. The circuit's components
have all been chosen as an ideas.

Figure 5 and 6 show simulated waveforms at 220 VAC input
of vin iinand V, of CRMIBB converter at 220 VAC input with
the conventional and proposed control strategy, respectively.
When compared to the traditional control strategy, it shows
that with the suggested control strategy the input current is
lower. Therefore, compared to TCT, the total conduction
loss of variable on-time control technique (VOTC) is lower.
The VOTC is same as PCT. In variable on-time control
technique the constant on-time of the buck switch is made
variable

According to the boundary voltage between the converter's
switches in both types of control schemes, the gate drive
signals for the converter's switches, through which the
converter operates either in buck mode or buck/boost mode,
are shown in Figure 7.

Figure 8 shows the PF comparison of CRMIBB converter
between TCT and PCT. It can be observed that PF is
improved a lot in case of PCT.

o T

200
[
200 -
200m  2im

240m  260m  0m  300m  &20m  30m  30m  JB0m  400m  20m  se0m  4G0m  480m  s00m

Figure.5. Shows traditional control with vin, iinand V,

2000
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s

Figure.6. Shows proposed control with vip, iin and Vo
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Figure.7. Switches’ gate drive signal
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Figure.8. Input PF comparison between TCT and PCT
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5. Conclusion

With a constant on-time of a buck-boost converter, the peak
& rms values of the inductor current are high due to
switching and conduction losses. So, efficiency is low. To
achieve maximum efficiency with minimum losses, simple

Copyright ©2023 ESTIRJ-VOL.7, NO.1 (8-13)
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design and cheap component cost, a control strategy is
suggested in this paper. To verify the analysis simulation
results are provided.
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