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DIGITAL AVERAGE INPUT CURRENT
CONTROL IN POWER CONVERTER

RELATED APPLICATIONS

This Application 1s a continuation of and claims priority
to U.S. patent application Ser. No. 15/495,301, filed on Apr.
24, 2017, which 1s a continuation of and claims priority to
U.S. patent application Ser. No. 14/324,820 (now U.S. Pat.
No. 9,673,711), filed on Jul. 7, 2014, which 1s a continuation
of and claims priority to U.S. patent application Ser. No.
13/661,503 (now U.S. Pat. No. 8,773,092), filed on Oct. 26,
2012, which 1s a continuation of and claims priority to U.S.
patent application Ser. No. 12/187,335 (now U.S. Pat. No.
8,319,483), filed on Aug. 6, 2008, which claims priority
from U.S. Provisional Application No. 60/954,261 filed on
Aug. 6, 2007 and U.S. Provisional Application No. 60/954,
354 filed on Aug. 7, 2007. The disclosures of each of the
foregoing applications are hereby incorporated by reference
herein 1n their entirety.

BACKGROUND

The subject invention relates to control loops for switch-
ing converters. The following articles and patents, which
may or may not be prior art, and which are incorporated here
by reference, may be relevant to the subject invention.

Jingquan Chen, Aleksandar Prodic, Robert W. Erickson

and Dragan Maksimovic, “Predictive Digital Currvent

Programmed Control”. IEEE Transaction on Power
Electronics, Vol. 18, No. 1, January 2003

U.S. Pat. No. 7,148,669, “Predictive Digital Current Con-
trollers for Switching Power Converters” by Dragan
Maksimovic, Jingquan Chen, Aleksandar Prodic, and
Robert W. Erickson.

K Wallace, G Mantov, “DSP Controlled Buck/Boost
Power Factor Correction for ITelephony Rectifiers”.
INTELEC 2001, 14-18 Oct. 2001.

U.S. Pat. No. 6,166,527, “Control Circuit and Method for
Maintaining High Efficiency 1n a Buck-Boost Switch-
ing Regulator” by David M. Dwelley, and Trevor W.
Barcelo.

Additionally, the following basic text 1s incorporated here

by reference, 1n order to provide the reader with relevant art
and definitions:

Robert W. Erickson, Dragan Maksimovic, “Fundamentals
of Power Electronics” (Second Edition), ISBN

0792372700.

SUMMARY

Aspects of the invention provide a method and system for
digitally controlling the average input current 1n a non-
inverting buck-boost converter. The method provides a fast
cycle-by-cycle control loop to set the average input current
when the converter 1s working in three different modes:
buck, buck-boost and boost. Unlike analog control where 1t
1s ditlicult to change the parameters of the control loop 1n an
adaptive manner, a digital control system can adjust the
control loop parameters according to various parameters
measured such as input voltage, output voltage and inductor
current. In general, this enables to achieve a fast and stable
control loop that controls the input current 1n various work-
ing points of the converter.

Aspects of the mvention also provide for a method and
system for digitally controlling the input current 1n a non-
inverting (cascaded) buck-boost converter operating in a
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2

buck-boost mode, 1.e., alternating between buck and boost in
each cycle. Such an operation mode 1s particularly beneficial
when the required converter output current 1s similar to the
converter’s 1nput current. Since there are limits to the
maximal and minimal allowed PWM values of the buck or
boost operational modes, there are areas 1n which control 1s
impossible without use of the alternating buck-boost mode.

Aspects of the mnvention further provide for a method and
system for controlling the operational mode switching of a
cascaded buck-boost converter. According to aspects of the
invention, whenever the converter has been operated 1n one
mode, 1.e., buck or boost, for at least a predetermined period,
and 1s needed to change 1nto the other operational mode, 1.e.,
to boost or buck, the transition 1s performed by forcing the
converter to first execute several cycles on alternating buck
and boost modes and only then switching to the other mode.
Thus, for example, if the converter has been operating in a
buck mode and 1s now to be switched to a boost mode, 1t 1s
first switched to operate 1n an alternating buck-boost mode,
in which the converter alternates by each cycle between
buck and boost modes for several cycles, and only then
switches to boost mode. This feature avoids the current
jumps or discontinuities that are generally observed when a
converter switches between buck and boost modes of opera-
tion.

Aspects of the invention further provide for a method and
system for controlling the operation of a cascaded buck-
boost converter, operable 1n one of three modes: buck, boost,
and alternating buck-boost. The system includes three pre-
programmed PWM control modules, each for controlling the
input current according to one of the converter’s operational
modes. During operation of the converter, the operational
mode 1s determined and the corresponding PWM control
module 1s selected to control the input current.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1illustrate an example of a digital controlled non-
inverting buck-boost converter according to aspects of the
invention.

FIG. 2 1llustrates the waveforms of trailing triangle PWM
modulation.

FIG. 3 1llustrates the wavelorms of leading triangle PWM
modulation.

FIG. 4 shows the inductor current waveform during two
switching cycles using trailing edge triangle PWM modu-
lation.

FIG. 5 illustrates a block diagram of predictive buck input
current control, according to embodiment of the invention.

FIG. 6 illustrates the inductor current waveforms for a
buck-boost switching cycle.

FIG. 7 illustrates the inductor current waveforms for a
buck-boost switching cycle according to embodiment of the
invention.

FIG. 8 shows a block diagram of control loops for
buck-boost mput current control, according to embodiment
of the invention.

FIG. 9 shows a state diagram and the possible options to
switch between the three different states.

DETAILED DESCRIPTION

A dagital controlled non-1nverting (cascaded) buck-boost
converter, as described mm FIG. 1, 1s a topology for a
converter that 1s capable of both increasing the input voltage
and decreasing 1t. The proposed topology 1s beneficial over
prior art converters for at least the following reasons: 1) high
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conversion efliciency can be achieved; 2) component stress
1s relatively low as apposed to other buck-boost topologies;
and 3) low component count—only one inductor, two
capacitors and four switches. When buck-boost converters
are discussed in this specification, we typically refer to
cascaded buck-boost topology, sometimes named “non-
iverting buck-boost” converter, rather then the lower etl-
ciency (inverting) buck-boost converter.

While 1n general control loops of converters the inductor
current 1s controlled, according to an embodiment of the
imvention, a control loop 1s provided in order to set the
average input current to the requested current (I, ). Con-
trolling the average iput current can be relevant for various
applications such as: power factor correction (PFC), photo-

voltaic inverters, and more. In this example, the control 1s
based on predicting the inductor current for the next switch-
ing cycle based on measuring the mput voltage (V, ), the
output voltage (V) and the inductor current (I,) in the
current switching cycle. By using a predictive method a fast,
cycle-by-cycle, control loop can be implemented.
Converter Modes

The cascaded buck-boost topology can achieve the
desired input average current at various output currents.
Depending on the output current, the converter can work 1n
3 different modes:

1. 1.~ Boost Converter—Switch A 1s constantly

conducting and switch B 1s not conducting.
2. 1<, Buck Converter—Switch D 1s constantly
conducting and switch C 1s not conducting.

3. 1,71, Buck-Boost Converter—All four switches are

being used to control the mput current.

Each of the three modes may have a different control
schemes. The control loop will decide which control scheme
1s used at each switching cycle.

Predictive Average Input Current Control Using Triangle
PWM Modulation

The control scheme of this example 1s based on predicting
the inductor current for the next switching cycle based on
measuring the inductor current and the mput and output
voltage. Based on the inductor current the control loop sets
the average input current. Because of the fact that the
predictive control loop 1s a non-linear control loop and it 1s
executed on every PWM cycle, a high control bandwidth can
be achieved.

The following sections will explain the concept of triangle
PWM modulation and the three control schemes mentioned
above.

Triangle PWM Modulation

There are two types of triangle PWM modulation—
leading and trnialing triangle modulation. FIG. 2 illustrates
the wavetorms of trailing triangle PWM modulation.

Each cycle, having length T and a duty cycle of d, starts
with an on-time of

1 th
cength 5 1,

an off-time of (1-d)T, and another on-time of the same
length. Leading triangle modulation 1s similar but the on-
time and off-times are switched, as shown in FIG. 3. Both
methods are suitable for mput average current control
because of the fact that the average inductor current i1s
always at the beginming of each PWM cycle. This enables
the digital control loop to sample the average inductor
current at fixed intervals, at the beginning of each cycle.
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4

Controlling Average Input Current Using the Inductor Cur-
rent

The method of this example uses the inductor current to
set the average input current when the converting 1s oper-
ating 1n continuous conduction mode (CCM). The converter
can work in one of three different modes—Buck, Boost,
Buck-Boost. For each mode there 1s a different equation for
converting the average imnductor current to the average input

current 1n each switching cycle. Derived from the power
train properties of the converter, the equations are:

1. Boost: I, =I,

2. Buck: 1, =I, *d, where d is the duty cycle.

3. Buck-Boost: I, =I,*d, . whered,, , is the buck duty

cycle

For all of the equations above I, , I, denote the average
input current and average inductor current, respectively.
Control Loops

The converter works 1n 3 different modes. For each mode
a different control loop 1s used to control the average nput
current. This section will describe each control loop for the
different modes. Later on, the algorithm for switching
between the modes will be described.
Predictive Boost Input Current Control

The goal of the control loop 1s to insure that the average
input current follows the reference I, . As described above,
when the converter operates 1n a boost mode the steady state
average input current 1s the same as the average inductor
current. In this mode the boost control will try to set the
average inductor current to I, . The required boost duty
cycle for the next switching cycle 1s predicted based on the
sampled inductor current, the input voltage and the output
voltage. FIG. 4 shows the inductor current wavetorm during
two switching cycles using trailing edge triangle PWM
modulation. The sampled inductor current at switching cycle
n, 1(n), can be calculated using the previous sample, 1(n-1),
and the input and output voltage. The calculation 1s based on
the inductor current slopes during the on-time and ofi-time.

Since the mput and output voltage change slowly we
assume that they are constant during a switching cycle. For
a boost converter the on-time slope (m,) and off-time slope
(m,) are given by the following equations:

(1)

Vin
=
Vin Vom‘ (2)

My = 7

Based on these equations we can predict 1(n) using the
following equation:

Vind[n]T (3)

(Vin _ Vour)d’ [n] Ts
+

iprea(n) = i(n) = iln — 1) + 7

Where d'[n]=1-d[n], T 1s the switching cycle time and L
1s the inductor inductance. Equation (3) can also be written
as:

Vourd[n]Ts + (Vm _ Vour)Ts
L L

(4)

iprea(n) = i(n) = iln — 1) +

We now have the prediction equation for one switching
cycle. Because of the fact that every digital implementation



US 10,516,336 B2

S

of the control loop will have an execution delay, we will
extend the prediction to one more switching cycle. So the
prediction will set the duty cycle of the n+1 switching cycle
based on the samples of the n-1 switching cycle. Extending
equation (4) to two switching cycles we get:

Vourd[n + l]Ts + (Vin - Vom‘)Ts
L L

(3)

in+1)=iyeqn)+

The prediction for the duty cycle d[n+1] can now be
obtained based on the values sampled 1n the previous
switching period. By substituting i1(n+1) with the desired
current I, in equation (5), and by solving the equation for
d[n+1] we get:

Vin
Vom

(6)

d[n'l'l]:([ref_ipred(n)) - +1 -

s ¥ Vour

Because of the fact that the inductor inductance can vary
and to be able to achieve a slower control loop, we modity
equation (6) with a variable gain that can be pre-adjusted,
and we get:

L+ K
TS 4 VOHf

vin
Vour

(7)

d[n'l'l]:(]ref_fpred(n)) +1 -

Equation (7) 1s the control law when the converter 1s in
boost mode.

If we denote T, as the beginning time of each switching
cycle (1), the above method samples the input voltage, output
voltage, and inductor current at time T, utilizes the time
until T, to predict the inductor current at T, using the input
voltage, output voltage and the knowledge of the inductor
inductance, and calculate the needed duty-cycle in order to
reach the desired mput current (1, at T,, and set that duty

cycle to be performed 1n the switching cycle between T, and
T,.
Predictive Buck Input Current Control

The principles of the predictive buck average input cur-
rent control loop are similar to those of the boost current

control loop. For the buck converter, the on-time and ofi-
time 1nductor slopes are given by the following equations:

vin - Vom‘ (8)
my; =
L
Vour (9)
mr = —
L

For switching cycle number n the average mput current,
based on the inductor current, 1s:

mld[r]Ts (10)

i(n) = (i(n - D+ T +

m2d’ [n]Ts
] x d[n]
L

Based on equations (8) and (9) we can predict the inductor
current for one switching cycle, and get the following
equation:
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(Vin - vom)d[n]Ts _ Vomd’ [n] Ts (1 1)

L L

i(n) = itn—1) +

Combining equations (10) and (11) we get:

V. d|r|Ts 2VOH,«TS V., dln+ 117

Kn+U=(W%J)+ - T+ .

]dm+1]

The prediction for the duty cycle d[n+1] can now be
obtained based on the values sampled 1n the previous
switching period. Denoting the sampled current as 1 [n], and
substituting the control objective i(n+1)=I, - in (11), we
have:

Vind Ts
LA

42 Vin Ts
0=d?[n+1]+
L

» VOHTTS (13)
+dn+ 1]liln—-1)+ ]]—

L

! ref

Equation (13) 1s the control law when the converter 1s 1n
buck mode. Because of the fact that this equation 1s a
quadratic equation, one of the methods of solving it 1n an
eflicient manner 1s to use Newton Raphson method to
approximate the solution.

If we denote T, as the beginning time of each switching
cycle (1), the above method samples the input voltage, output
voltage, and inductor current at time T,, utilizes the time
until T, to predict the inductor current at T, using the input
voltage, output voltage and the knowledge of the inductor
inductance, and calculate the needed duty-cycle in order to
reach the desired input current (I, at T, that 1s dependent
on the inductor current and the duty cycle at T,, and set that
duty cycle to be performed in the switching cycle between

T, and T,.

Predictive Buck Input
Embodiment

Current Control—Alternative

Another method for controlling the converter’s input
current 1n a buck converting 1s by controlling the inductor
current and using the converter’s input and output voltage to
set the correct inductor reference value in an adaptive
manner. FIG. § shows the block diagram of the control loops
for this method. Equation 14 holds true in steady state 1in a
buck converter:

(14)

By using equation (14) we can set the required inductor
current (I; z.-according to V,, and V_,, in the tollowing
way:

OUL

Vin
Vom‘

(15)

I1, Ref = Iyer *

Equation (15) 1s the feed-forward block that runs every

switching cycle. After calculating the cycle-by-cycle induc-
tor current reference, an imductor current loop 1s used to set
the required inductor current.
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Predictive Buck Inductor Current Control

By using equation (11), extending 1t for two switching
cycles and replacing 1(n) with 1., (n) we get the following
equation:

( + 1) . ( )+ Vind[n'l' I]TS Vost
ILF1 = lprgd i1 7 7

(16)

By solving equation (16) for d[n+1] we get:

(17)

dln+1]= ([L_ref - Ipred[n]) . +

Because of the fact that the inductor inductance can vary
and to be able to achieve a slower control loop, we modity
equation (17) with a variable gain that can be pre-adjusted,
and we get:

L+ K

dln+1]= (IL_ref - ]pred [72]) T «V, +

(18)

Equation (18) 1s the control law for the buck inductor
current loop.

If we denote T, as the beginning time of each switching
cycle (1), the above method samples the input voltage, output
voltage, and inductor current at time T,, utilizes the time
until T, to estimate the needed inductor current (I, z.o
according to the input voltage, output voltage and desired
input current (I,.). In addition, predicting the inductor
current at T, using the input voltage, output voltage and the
knowledge of the inductor inductance, and calculate the
needed duty-cycle i order to reach the needed inductor
current (I; , ) at'T,, and set that duty cycle to be performed
in the switching cycle between T, and T,.

Predictive Cascaded Buck-Boost Input Current Control

When the converter 1s 1n buck-boost mode all four
switches are being used to set the correct converter’s aver-
age 1nput current. This can be shown 1n FIG. 6 for trailing
triangle PWM modulation. Switches B and D are comple-
mentary to switches A and C respectively. In each switching
cycle both the buck and boost switches are being used to
control the converter’s average input current. In general, the
boost switches will operate at a low duty cycle while the
buck switches will operate at a high duty cycle.

FIG. 6 1llustrates a method enabling the converter to set
the converter’s average input current correctly when the
output current 1s relatively close to the reference current. In
order to stmplify the control loop the buck duty cycle will be
fixed to a value, d, , ., and the control loop will set the boost
duty cycle every switching cycle.

FIG. 7 illustrates the inductor current waveforms for a
buck-boost switching cycle. The on-time and off-time induc-
tor current slopes for the buck cycle and boost cycle are
identical to the equations 1n (8), (9) and (1), (2). In addition,
the average input current can be calculated from the average
inductor current with the following equation:

jbf:zL*d%uak (19)

Based on all these equations the predictive control law
can be built for calculating the required boost duty cycle:
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(Vin - Vour)dbuck Ts B (20)

L

i(n) = (i(n— D+

Vour d;,-uck Ts Vind [”’I + 1 ]Ts (Vin - Vour)d’ [n] Ts ]
+ + dbuck
L L L

Denoting the sampled current as 1 [n] substituting the
control objective i(n)=1,,.1n the equation above, and solving
for d[n], we get the following:

L Vi

in y
= S, “Yhuck
VourTs Vom‘

(21)

Equation (21) 1s the control law for setting the boost duty
cycle when the converter 1s 1n buck-boost mode.

If we denote T, as the beginning time of each switching
cycle (1), the above method samples the input voltage, output
voltage, and inductor current at time T,, utilizes the time
until T, to predict the inductor current at T, based on the
fact that the converter 1s 1n alternating buck-boost mode,
using the input voltage, output voltage and the knowledge of
the inductor inductance, and calculate the needed duty-cycle
in order to reach the desired mput current (I, at 'T,, and set
that duty cycle to be performed in the switching cycle
between T, and T,.

Predictive Buck-Boost Input Current Control-—Alternative
Embodiment

Another method for controlling the converter’s input
current 1n a cascaded buck-boost converting 1s by control-
ling the inductor current and using the iput and output
voltage to set the correct inductor reference value in an
adaptive manner. FIG. 8 shows the block diagram of the
control loops for this method.

Predictive Buck-Boost Inductor Current Control

An eflicient method of controlling the inductor current 1n
a cascaded buck-boost converter 1s setting a linear relation
between the boost and buck duty cycle in the following
manner:

dbuckzl _C+d

boost
Where:
O=c=l1
Using equations (1), (2), (8) and (9) we can estimate the
inductor at the end of switching cycle n:

(22)

Vin - Vou d HC Ts 23
Wﬂ=ﬂn—U+( dpuci M) Ts (23)
L
Vom‘ déuck [n]Ts + Vindboosr [ﬂ] Ts + (Vz - Vom‘ )d,f:oosr [I’Z] Ts
L L L
. . 1 Vin dbuck [R] Ts Vour dboosr [R] Is (Vin - zvour)TS
i(n)=in—1)+ > + - + -
Combining equations (22) and (23) and we get:
Vi dpoost | 11| T 24
orea() = i(n) = i(n — 1) + b"L’[ T, (24)
Vourdboosr [H]TS + (Vin (2 - C) - Q’VOL{I‘)TS

L L

By extending equation (24) to another switching cycle we
get:
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. . Vin dboosr [}‘2 + l]Ts (25)
in+1)=ipeqn)+ +
L
Vom‘ dboosr [ﬁl + I]TS n (Vin (2 _ C) _ Q'VOHI)TS
L L

Solving equation (25) ford, __[n+1] and replacing 1{n+1)
with the control objective, I; ., we get:

Ghoost [f’l + l] — (26)

LK
(Vour + Vin) # 1

(Vin (2 - C) - 2V0m‘)
Vour + Vin

(i1, Rer — iR —1)) %

Equation (26) 1s the control law for the inductor current
control 1n a cascaded buck-boost converter.

Feed Forward

In order to control the converter’s imnput current, a cycle by
cycle feed-forward 1s used in order to change the inductor
current reference according to the required converter input
current and input and output voltage. In a cascaded buck-
boost converter we know that in steady state:

Vour _ Dpyck (273)
Vin - 1 - Dboosr
7 (27b)
- - Dpyci
7
Using equations (27) and (22) we can get:
Vin + Vom (28)

] =
L _Ref ref (2 _ C) Vom‘

Using equation (28) we can set the required inductor
current according to the desired input current and input and
output voltages.

If we denote T, as the beginning time of each switching
cycle (1), the above method samples the input voltage, output
voltage, and inductor current at time T, utilizes the time
until T, to estimate the needed inductor current (I, z.o
according to the input voltage, output voltage and desired
input current (I,_-). In addition, predicting the inductor
current at T, using the input voltage, output voltage and the
knowledge of the inductor inductance, and calculate the
needed duty-cycle in order to reach the needed inductor
current (I, o atT,, and set that duty cycle to be performed
in the switching cycle between T, and T,.

Switching Between Converter Modes

The converter needs to switch between three different
modes depending on the reference current and the output
current. FIG. 9 shows a state diagram and the possible
options to switch between the three different states. The
following sections will describe the logic from switching
between the different states.

Switching From Buck Mode

When 1n buck mode, the duty cycle will be monitored

every switching cycle. If the duty cycle 1s higher than the

threshold set, 0<Th, <1, for more than X, . consecutive
switching cycles the converter will switch to buck-boost

mode.
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Switching From Buck-Boost Mode

When 1n buck-boost mode, the duty cycle of the boost
converter will be monitored every boost switching cycle
(every second switching cycle). Two thresholds will be
set—T1h,, , and Th,,,,. It the duty cycle 1s higher than Th,,,,
for more than X, , consecutive switching cycles the con-
verter will switch to boost mode. It the duty cycle 1s lower
than Th,  for more than X,  consecutive switching cycles
the converter will switch to buck mode.
Switching from Boost Mode

When 1 boot mode, the duty cycle will be monitored
every switching cycle. If the duty cycle 1s lower than the
threshold set, 0<Th,___<I, for more than X consecutive

0ost boost

switching cycles the converter will switch to buck-boost

mode.
What 1s claimed 1s:

1. A method comprising:
determining, based on at least one of a sampled 1inductor

current, a sampled mput voltage, or a sampled output
voltage, a value;

controlling a duty cycle based on the value to cause an

input current of a converter to approach a particular
input current; and

switching the converter from a buck-boost mode to a

boost mode in response to determining that the duty
cycle has been above a threshold for more than a
plurality of consecutive switching cycles.

2. The method of claim 1, further comprising:

switching the converter from the boost mode to the

buck-boost mode 1n response to determiming that the
duty cycle has fallen below a boost threshold for a
predetermined number of consecutive switching
cycles.

3. The method of claim 1, wherein controlling the duty
cycle comprises performing a triangle pulse width modula-
tion.

4. The method of claim 1, wherein the converter com-
prises a cascaded buck-boost converter.

5. The method of claim 1, further comprising:

determining the duty cycle of each of the plurality of

consecutive switching cycles.

6. A method comprising;

determining, based on at least one of a sampled 1inductor

current, a sampled nput voltage, or a sampled output
voltage, a value;

controlling a duty cycle based on the value to cause an

input current of a converter to approach a particular
input current; and

switching the converter from a buck-boost mode to a buck

mode 1n response to determining that the duty cycle has
been below a threshold for more than a plurality of
consecutive switching cycles.

7. The method of claim 6, further comprising:

switching the converter from the buck mode to the

buck-boost mode 1n response to determining that the
duty cycle has exceeded a buck threshold for a prede-
termined number of consecutive switching cycles.

8. The method of claim 6, wherein controlling the duty
cycle comprises performing a triangle pulse width modula-
tion.

9. The method of claim 6, wherein the converter com-
prises a cascaded buck-boost converter.

10. The method of claim 6, further comprising:

determining the duty cycle of each of the plurality of

consecutive switching cycles.

11. A method comprising;:

based on a sampled inductor current for a cycle, deter-

mining an inductor current for a next cycle;
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based on the determined inductor current, controlling a

duty cycle to set an iput current of a converter; and

switching the converter from a buck-boost mode to an
alternative mode based on the duty cycle.

12. The method of claim 11, wherein controlling the duty

cycle to set the input current of the converter comprises

causing the mput current of the converter to approach a
particular input current.

13. The method of claim 11, further comprising switching
the converter from the alternative mode to the buck-boost
mode based on the duty cycle.

14. The method of claim 11, wherein the alternative mode
comprises one of a boost mode or a buck mode.

15. The method of claim 11, wherein switching the
converter from the buck-boost mode to the alternative mode
COmprises:

switching the converter to a boost mode when the duty

cycle exceeds a first threshold for a first predetermined
number of cycles; and
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switching the converter to a buck mode when the duty
cycle 1s below a second threshold for a second prede-
termined number of cycles.

16. The method of claim 11, wherein controlling the duty
cycle comprises performing a triangle pulse width modula-
tion.

17. The method of claim 16, wherein the triangle pulse
width modulation comprises trailing triangle modulation.

18. The method of claim 11, wherein the converter
comprises a cascaded buck-boost converter.

19. The method of claim 11, wherein determinming the
inductor current 1s also based on a sampled input voltage and
a sampled output voltage.

20. The method of claim 11, further comprising:

controlling the converter with a first control module when

the converter 1s operating 1n the buck-boost mode; and
controlling the converter with a second control module
when the converter 1s operating 1n the alternative mode.

e o e e H
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