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Single Loop Control Design

1. Introduction

This tutorial is intended to guide you, step by step, to design a DC/DC converter with

a single control loop. The selected converter for this example is the buck converter
included in Figure 1.

Buck (voltage mode controlled), single loop.
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Figure 1: Desired system

Single Loop Control Design Tutorial - January 2025

www.powersmartcontrol.com


file:///D:/Avantronic/SmartCtrl/InfoSmartCtrl/Tutorials/20121017%20Tutorials/T1%20Buck%20converter/www.powersmartctrl.com

5mc‘:r1'

I Single Loop Control Design

2. Buck converter design

1. Open your SmartCtrl Software.

2. To begin the design of a single control loop DC/DC converter click on DC-DC
converter - single loop Voltage Mode Control or ACMC. See Figure 2.

SmartCtrl e
Design a predefined topology Opena ...
— | DC-DC power stage and .
J i S ﬁ- default file
- — i control cincuit design
ﬁ DC-DC converter - Single loop IB"-D recently saved file..
Walkage Mode Control ar ACKC
[ﬂ DC-DC converter %D previously saved file...
Peak curnrent mode control
[lﬂ DC-DC converter (»D sampls dsign...
Awerage Current Mode Control =
==
[ PFC Eoost converter
]
Dezign a generic topalogy Deszign a generic cantral spstem

z-domain model edibar E quation editar

Impart frequency rezponze data

[

fram txt file
Help Cloze
Figure 2: SmartCtrl initial window
It can also be accessed with:
a) Button G2
b) Select the corresponding option within the Design menu. See
Figure 3.
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E SmartCtrl - Control2

File ' Design Opticns View Tools Warehouse Window Help

O Predefined topologies b Complete design... = Oimr
Generic topology ¥ DC-DC converters » Single loop...
~ Generic control system... AC-DC converters H Peak Current Mode Control
. Modify data... Chrl+D Average current control...
Madify data (1)... Ctrl+M

Digital control

Parametric sweep ¥

Reset all...

Figure 3: Alternative access to design a Voltage controlled DC-DC converter

3. Selectabuck converter and parametrize it as follows. See Figure 4 and Figure

5.
Single loop DC-DC converter >
[ Digital Plant || j Frequency range(Hz]
Buck [voltage made contralled] min (0t
—  |Buck [L-current senzed) ] | 1 | 939000
Boost [valtage mode contralled)
Boost [L-curent senzed)
Boost [diode-current senzed) S ol
Euck-Boost [voltage mode controlled) alution map
Buck-Boost [L-current senged)
Buck-Boogt [diode-current sensed)
Flyback. [voltage mode contralled)
Flyback. [diode-current sensed]
Forward [voltage mode controlled)
Compenzatar Forward [L-current sensed)
Cross freq. Phaze marg.
_ o 0
Help
p| Caneal |[ ok |

Figure 4: Defining the converter analog topology

As the design is controlled in an analog way, the checkbox “Digital” should be
left unchecked. If the design were digitally controlled, this checkbox should
be selected at this stage, otherwise, subsequent changes will be lost.
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Buck (voltage mode controlled) =
Vir[]
L
Rc R RLIDhms] Tn
Uin[ c
T _ LiH) u
Rc/Ohms] S0m

Steady-state do operating point

Conduction mods L TUE VS
Dty cycle 25 m
1L ava 4] 757576 m R(Ohms] 4356
IL max (4] ’W Pl ’725
ILmin) | 538078m
loawg [4)] ’m
vopy | 33 FswiHa | 20k

Set defaults Update read only boxes Help Cancel | Ok |

Figure 5: Plant parameters

4. Configure the sensor. See Figure 6 and Figure 7.

Once the plant has been selected, depending on which magnitude is going
to be controlled, the program will display the appropriate type of sensors.

Buck (voltage mode controlled), single loop data input *
[ Digital Flant |Buc:k [voltage mode controlled) j Frequency r.ange[Hz]
min max
1 933000
‘"“[ Salution map
Compensator J Sensor | :"
‘oltage divider
Embedded Y. div.
;Se Cllsocllated ¥, sensor Crozz freq. Fhase marg.
oaded as yet.
a
— Select one from the —|—

combo box above

a
En
Help
ﬂ LCancel

Figure 6: Choosing the sensor

In the case of the voltage divider, the user should introduce the reference
voltage and the program will automatically calculate the sensor gain. The
sensor input data window is the following:

-6-
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Voltage divider *
Vo Gain lm Calculate Gain=VrefAdo from Wref
Wref D;‘ Ve o
ﬂ Rb Viefty) 24
Set defaults Help LCancel | ’Tl

Figure 7: Defining the sensor
Click OK to continue.

Please, note that all the design process will be carried out using this gain, and
the resistor values to implement the voltage divider will be provided by the
program together with the regulator components.

5. Select and configure the compensator. See Figure 8.
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Buck (voltage mode controlled), single loop data input x
[ Digital Flart |Euck [waltage mode controlled) j Frequency r.ange[Hz]
rrin mnax
— ] | 1 | 539000
i -+ Vo
L
) Re R
“'"I c I_l_l ’# Salution map
Compenzator || ﬂ Senszor |\-"|:|Itage divids j
3 2
Corm E quation Ra Cross freq. Phase marg.
loadema=yer \ref | 0 | 0
Select one from the combo — .
B above Rh
Help
b| Cancel || ok |

Figure 8: Choosing the compensator

As the design is analog controlled, only analog topologies are displayed. To
further clarify this point, a comparison between Type 2 and Type 3

compensators has been performed using the solution map. Refer to Figure
9.

Cross frequency and Phase margin input X | Cross frequency and Phase margin input

Fhase maigin vs Cioss frequency

Phase maign va Coss fiequency
I¥'s Highly recommended 1o clck on the.

unshadowed [wite] iegion for selecting

an appeopeiate (Cross frequency Phase
margin) couple of values

It's highly recommended 1o cick on the:
unshadowed [whie regon for selecting
an sppropriate (Cioss frequency. Phase:
margin] couple of vakies

Take care ko of altenuation [K(s|"Risl
&t Few) and Phase margin edt bones,

of aiterusation (=] Ris)
when their backgrounds are ted painted!

Take care also

8 Faw) and Phace margin edit bowes,
when thei backgrounds are red panted
Crosz frequency  Phaze margn
0

Phase maigin

Cross frequency  Phase margin
0

Phase maigin

K(s'Rls) o Faw

[

IK(sR(z)l at Fove

Lpdate

1 10 00 Tk 10k Tk ™ 1 10 100 Tk 10k o0k ™
Cross hequency(Hz) Cancel Crass heguency(Hz]
Type 2 Type 3

Figure 9: Solution map quick comparison between type 2 and 3 controllers

Due to the fact that the plant is a second order one, the best choice in order

to obtain a proper phase margin and enough bandwidth is to use a Type 3
regulator as it provides the wider white area.
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A clarification should be noted: the solution map window displays all possible

Phase Margin-Crossover Frequency pairs. Any pair located within the white

region will result in a stable controller. Conversely, selecting a pair in the red
region will almost certainly lead to an unstable controller.

In this tutorial, a Type 3 compensator has been chosen. So, select the

compensator type from the corresponding drop-down menu and
parametrize it as in Figure 10 and Figure 11.

[ Digital

Buck (voltage made controlled), single loop data input

Plant ‘Euck [voltage mode controlled) ﬂ

Compensatar |

above

Frequency range(Hz|
min max

1 533000

Solution map

Cross freq, Phase marg.

I

oL

Help

| et |[ ¢ ]

Figure 10: Choosing Type 3 compensator

Type3

Fi[ohms] 10K

Vil 39

e tr—] t
r—Tsw

Set defaults

Y] 10
wis) 32u

FawiHzl 2l
Tenis) 9

X

Hep | Cancel | [ oK

Figure 11: Configuring Type 3 compensator

The fields Vp, Vv, and tr refer to the modulator, and together they define

the modulator’s gain.

5. Once the system has been defined, the crossover frequency and the phase
margin of the open loop must be selected.
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SmartCtrl provides a fast shortcut to select the crossover frequency and the
phase margin called solutions map. This window has been partially
introduced in the previous point.

Each point within the white area corresponds to a combination of cross freq.
and phase margin that leads to a stable solution. In addition, when a point is
selected, the attenuation given by the sensor and the regulator at the
switching frequency is provided. Note that not enough attenuation at the

switching frequency could provoke high frequency oscillations.

To carry out the selection just click on the “Set” button and SmartCtrl will
display the solutions map. Then select a point within the white zone (left click)
and click OK to continue. See Figure 12 and Figure 13.

Buck (voltage mode controlled), single loop data input *

I Digital Plant |Buck [voltage made controlled) j Frequency range{Hz)
min max

1 993000

Solution map

Compensatar |1¥P2 3

Cross freq, Phase marg.

| e | |

Figure 12: Access to the solution map

Cross frequency and Phase margin input X

Phase margin vs Cross frequency
250

It's highly recommended ta click on the
unshadowed (white) region for selecting
an appropriate [Cross frequency Phase
margin] couple of values,

200
Take care alzo of attenuation [IK[s]*R[=]l
at Fsw] and Phase margin edit boxes,

when their backgrounds are red painted!

|

=
=)
2 Cross frequency Phase margin
';"’é 3k [50
o100
[K=FR{sN at Fsw
b -35.0643 Update
il
o Fhtdmin=0 \ Fei=250 k Help
1 10 100 Tk 10k 100 k 1M
Cross frequency(Hz) LCancel ... H

Figure 13: Defining a point in the solution map

-10 -

Single Loop Control Design Tutorial - January 2025 www.powersmartcontrol.com


file:///D:/Avantronic/SmartCtrl/InfoSmartCtrl/Tutorials/20121017%20Tutorials/T1%20Buck%20converter/www.powersmartctrl.com

a smoart
Single Loop Control Design

All the points in the white area will be stable what will vary will be the dynamic
response of the controller. As a rule of thumb, a good point for controlling is
about:

a) A phase margin of about 45 to 60 degrees
b) A cross over frequency = Switching frequency/10

Please, notice this rule of thumb is not always achievable, but the nearest
point in the white area will be good enough.

The solutions map will be shown on the right side of the input data window.
See Figure 14.

Buck (voltage mode contrelled), single loop data input X

I Digital Plant |Buck [valtage mode controlled) -] Frequency r_ange[HZ]
min max

m 1 935000

Solution map

Campensator | 1902 3 | sengor [Vokage divider  ~] 4‘/'

Cross freq. Phaze marg.

3000 50
Set

=00 +V¥o

ﬂ Ceredd ﬁ

Figure 14: Converter definition window

6. Click OK to confirm the design and the program will automatically show the
performance of the system in terms of frequency response, Nyquist plot,
transient response, etc.

Additionally, optimisation tools such as parametric sweep for sensibility
analysis and control loop optimisation algorithms, are provided. See Figure
15.
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Figure 15: SmartCtrl results window

SmartCtrl also provides the components values needed to implement the
compensator, the voltage divider resistors and the input parameters like the
topology. To obtain those windows, click on the button of Figure 16 and Figure 17:

amm [ 2 o
p L [ |G %o wi i

Figure 16: Report buttons
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RESULTS INPUT DATZ -~
Single loop
Compensator (Analog):

Frequency range (Hz) : (1, 933 k)
Rl (Chms) = 1.13641 k Cross frequency (Hz) = 3 k
RZ2 (Ohms) = 752.081 Phase margin {") = 50
Cl ( F ) =14.5128 n Plant
cz ( F)=220.82mn |  mmmmommooo o m oo — o ————————
c3 { F ) = 25.0543 n Buck (voltage mode controlled)
B (Ohms) = 4.35%
£zl { Hz ) = 9558.333 L (HI =30u
£fz2 ([ Hz ) = 958.333 BL{Ohms) = 1n
fpl { Hz ) = 5.33131 k c {(F} = 1€0 u
fp2 ( Hz ) = 5.3%131 &k RCi{Chms) = 50 m
£i ( Hz ) = €4.71%¢ Vin (V) = 12
Vo v} = 3.3
Fsw (Hz) = 250 k
b2 [ s°2) Z_75808e-008
Bl (s ) = 0.000332145 Steady-state dc operating point
bd =11 '  — 00—
Mode = Continuous
a3d | s°3) 7.06273e-013 Duty cycle= 0_275
a2 { s~2) = B8_33505e-008 Veomp (V) = 1.€875
al (s ) = 0.00245515 IL (B} = 757.57eé m
an a ILmax (&) = S17.076 m
ILmin{k) = 558.076é m
Io (B) = 757.57é m
Sensor: Vo Wy =3.3
Ra (Chms) = 1.05¢ k Sensor
Bk (Chms) = 2.2k |  —mmmmmmoo o — o om— oo — e —————
Voltage divider
Pa (Watts) = €06.06 u Vref/Wo = 0.75757€
Fb (Watts) = 1.89354 m
Compensator
Loop performance parameters: 00000 [ —oooTooo oo oo oo oo oo
——————————————————————————————————————— Type 3
Gmod = 0.4
FhF ( Hz ) = 23.05%98 k B11 (Ohms) = 10000
GM (dB ) = 37.875¢ Vp V) =32
Atte( dB ) = -34_.5133 W (W) =1
trisec) = 3.2e-00¢
Vref (V) = 2.5

Steady-state dec operating point

IC C3{(V) = 812.501lm
IC C2(V) = 812.501lm
IC Cl{V] =0
- w
Exit Exit

Figure 17: Input and output data reports

3. Design exportation to PSIM

To export to PSIM click on this button. Figure 18.
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Be eaEl 2 O0OMT @
Ex

ROL 0L
gq port to PSIM{schematlc]Fw o

Figure 18: Exportation to PSIM button

And configure the exportation. See Figure 19.

Exporting options >

Regulator exporting way

* Components (F1, C1.... are givenk

" & domain coefficients

-

¥ Power stage and sensors

v Initial conditions

[ Show files to be exparted

Help LCancel | ok |

Figure 19: Exportation to PSIM settings

Click OK and PSIM will be automatically opened, and the simulation launched.
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4. Design validation

In PSIM, the following system has been automatically created and configured by
SmartCtrl. SeeFigure 20.

£§ File Edit View DesignSuites Subcrcuit Elements Simulate Options Utilities Window Help

NEdS o o [ - /BB LLLANEE B & Lt = AWE]:
Type one o more werds toseach . @ Simulation time control
Find
Parameter file
Buck (voltage mode controlled), single loop.
= Elements l:] L
o i A te -
- Other D Vin — 1 %X c %R
- Sources -[ T
- SPICE [ L
e Plant
SimCoder
o B Sensor
| e
o ns
) %
3 1
|
Modulator| | - WT
S— S e ide
I 005 ? Eswﬁ/j) Vet 9
LT Compensator

Figure 20: PSIM exported system

In this picture, all the different functional blocks have been highlighted. Ensure
that the simulation time control is configured as shown in Figure 21.

Simulation Control X
PSM | sp1ce | simCoder | colr |
Simulation Parameters Help
Time Step 0.1u
Total Time 0.1 [ Free Run

Print Time ’07
Print Step [z
Load Flag m
Save Flag m

Figure 21: Clock configuration in PSIM
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The result of the simulation is shown in Figure 22:

[ simwiew - - [C:\Users\Jorge\Desktop\My_SmartCtrl_design.smv] - m] X
IEEiIe Edit View Axis Screen Measure  Analysis Label Options Settings Window Help -8 %

EE2H- 8% R XY XEPoLFRY YT mE A B,
Vo0

< >
2-» I[RL1) - "\, PNPR NS e | T rns X | mp 4m [ PF P S THD

Ready

Figure 22: Result of PSIM simulation

As it can be seen, the output voltage is 3.3V, it is exactly what has been specified in
SmartCtrl.

If the dynamic response of the system is to be analysed, it would be necessary to
introduce a step, for example, in the input voltage. See Figure 23.

Buck (voltage mode controlled), single loop.

5 RL L

Figure 23: Input voltage step in PSIM
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The result of this new system can be seen in Figure 24.

Single Loop Control Design

Figure 24: New PSIM simulation where dynamic response can be seen
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