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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.

L= _Az]f % %

Erom power
circuit voltage
+

Type-3 controller

i

< |c—
+
-

Figure 1: Desired system
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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 — singlke loop Voltage Mode Control or ACMC. See Figure 2.

SmartCtrl *
Design a predefined topology Opena..
1} DC-DC power stage and .
J :d_—l L ; default file
= — il control circuit design
D DC-OC conwerter - Single loop IﬁrD e [
oltage Mode Control or ACMC
ﬂ DC-DE corrverter %D previously zaved file..
Peak current mode control
[ﬂ DLLLaaaiia ¢ sample design...
Average Current Mode Control =3
Iy PFC Boost converter
e
Dezign a genenic topology Dezign a genenic contral system
g-domain model editor i’ Equation editor

Import frequency responzse data
friamn k=t file

==

Help LCloze

Figure 2: SmartCtrl initial window

It can also be accessed with:

a) Button i
b) Select the corresponding option within the Design menu. See Figure 3.

E SrnartCtrl - Control2

File = Design Optiocns View Tools Warehouse Window Help

O Predefined topologies > Complete design... |E Bime
Generic topology > DC-DC converters > Single loop...
i Generic control system.., AC-DC converters ¥ Peak Current Mode Control
= i Ctrl+D Average current control...
Meodify data (1]... Ctrl+M

Digital control

Parametric sweep ¥

Reset all...

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

Single Loop Control Design Tutorial V3.0 — December 2018 wWww.powe rsmartcontrol.com



5_mc"sr’r

Tl Single Loop Control Design

3. Select a buck converter and parametrize it as follows. See Figure 4 and Figure 5.

Single leep DC-DC converter *
[ Digital Flant || j Frequency range(Hz]
L [woltage mode controlled) i D=t
— Buck [L-current senzed) ] | 1 | 933000
Boost [voltage mode controlled)
Boost [L-current senzed)
Boost [diode-curent sensed) S alut
Buck-Boost [volkage mode controlled) olution map
Buck-Boost [L-curnrent sensed)
Buck-Boost [diode-cument zenzed)
Flvback [voltage mode controlled)
Flyback [diode-curent senzed)
Fanward [valtage mode controlled)
Compenzatar Fanward [L-current sensed]
Cross freq. Phase marg.
a i | i

Help
ﬂ Cancel | (1] |

Figure 4: Defining the converter analog topology

As the design is controlled in an analog way, the checkbox “Digital” should be
left unchecked. In case the design were digital controlled, it should be checked
at this stage or further changes wil be lost.

Buck (voltage mode controlled) »
Vin() iE
RL(Dhms) Tn
e
Re(Ohms) BOm

CF) 160U

i
wl

Steady-gtate do operating point

Conduction mode e
Dty cycle ’ﬁ
Lavgp) | 757578m RiObms) | 4396
IL max [4] ’w Pofiw] ’725
Lminy | 538078m
loawg (&) ’ﬁ
vo) | 33 FawiHz) | 290K

Set defaults Update read only boxes Help LCancel | oK |

Figure 5: Plant parameters
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4. Configure the sensor. See Figure 6 and Figure 7.

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

Buck (voltage mode controlled), single loop data input *
[ Digital Flant |Buc:k [voltage mode controlled) ﬂ Frequency r.ange[Hz]
min max
1 953000
‘"'T Salution map
Compensator J Sensor | :I'
‘oltage divider
Embedded Y. div.
;Se Cllsocllated ¥, sensor Crozz freq. Fhase marg.
oaded as yet.
a a
— Select one from the —|—
] combo box above.
Help

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:

Voltage divider X
vo Gain lm Calculate Gain=refAfo from Wref
Wref D;‘ Valv) =
ﬂ Rb Wref(v] 2.4
Set defaults Help LCancel | ’Tl

Figure 7: Defining the sensor

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

5. Select and configure the compensator. See Figure 8.

[ Digital

Buck (voltage mode controlled), single loop data input

Compensataor ||

Type 3
Fl

Equation

abowe

loader &= yer
Select one from the combo _

Plari |E=UC|< [voltage mode controlled) j
A RL —
L +Vo
- Re R
UII‘II c T ’]!
j Senzor |V9|taEIE divider j
o

Frequency range(Hz]

min s
| 1| 939000
Solution map
Crosz freq. Phaze marg.
| 0| 0

N

BN

Help
LCancel ‘ Ok |

Figure 8: Choosing the compensator

As the design is analog controlled, only analog topologies are listed. To clarify
this aspect a little bit a comparison between Type 2 and Type 3 compensators
comparison is made by means of the solution map. See

has been done. This

Figure

Cross frequency and Phase margin input

L Phaysn margn va Cinas hegquency

9.

| Cress frequency and Phase margin input

)

Fhass vgn

i) o

Tk Wk W0k T

Croas hequerciHz)

Type 2

It

unshadowsd Melumm :eleomq
an sgpiogests [Crons eguency Phas
s cngl of viskans

Take cose o ol mmanls rn||I
ot Frw) ared Phisae mangin
e ot buac o ...ﬁ-u-q,..-s-’

Ceoss hecuency
0

Fhasn magn

sl ot Faw

Updsie

_ liew

= |

Phase magin va Caoss bequency

Frwa260 b
BT T

i highly smcaormmanded 1o chek on the
unshadowred [white) region for pelecting

wmuwa i"mu ||m-mmPh-m~
]

Take care ds addlmlrl TFlil
a1 Faw] and Phase mapin adi boses.
vt s L prenrats vm il i

Cross hequency  Fhane marpn
0

KisTRisl o Fam

- o]

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

A remark should be done: the solution map window shows all the pairs Phase
Margin — cross Over Frequency. All the ones contained in the white area will
generate a perfectly stable controler. On the contrary, if chosen in the red area
the controler wil almost for sure be unstable.

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 done in Figure 10 and Figure 11.

X

Buck {voltage mode controlled), single loop data input

I~ Digital Blant |Buick (voltage mode contiolled] ~| Frequency rangs(Hz)
mirn max

" i o 1 599000
I |
vir T | Solulion map
Compersator | | sensor [Hollagsdvider — +]

Type 3 Yo
Carny quati Ra Crass freq. Phase marg.
loadetras ye wref i 0

Select one from the combo . —

| above Rh

Help
o e

X

Type 3

R1(ohms)

elv) 20
alv) 1.0

FonlHz) &l
Teuls) &

Set defaults Help | Qancel| oK

Figure 11: configuring Type 3 compensator

The fields Vp, Vv and tr are referred to the modulator and all of them defined
the gain of the modulator.

5. Once the system has been defined, the crossover frequency and the phase
margin of the open loop must be selected.

-8-
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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 partialy introduced in the
previous point.

Each point within the white area corresponds to a combination of cross freq. and
phase margin thatlead 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 oscilations.

To carry out the selection just click on the “Set” button and SmartCtrl wil 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 s
I Digial Blant |BuCk [voltage mode controlled) ~| Frequency range(Hz)
min ma
' - o u 1 555000
) [ I
vin T I Solution map
Compensator | 1vPe 3 ﬂ Sensar |VU\Iage divider ﬂ
Cross freq. Phase marg.
o o
Help
»|  cance oK
Figure 12: Access to the solution map
Cross frequency and Phase margin input s

Phase margin vz 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 also of attenuation (IK[z]*R(z]l
at Faw] and Phase margin edit baxes.
when their backgrounds are red painted!

180 fm——
Cross frequency Phaze margin
[2k [50
100
IR (=] at Faw
N\ EZT Update
50

Phhdmin=0 \ Faw=250 k
q i 3 Help

Phase margin

1 10 100 Tk 10k 100k T

Cross frequency(Hz] Cancel

Figure 13: Defining a point in the solution map

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

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

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

I Digital Plant |Euck (volkage mode controlled) j Frequency range(Hz)
min max

m 1 933000

Solution map

I

Compensator Type 3 j Sy |anlage divider j

!

Cross freq Phase maig

50
iSet

ﬂ Tt M

Figure 14: converter definition window

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

Additionally, optimization tools such as parametric sweep for sensibiity analysis
and control loop optimization algorithms, are provided. See the Figure 15.

o ook Wiibns W by & | k] Mt

I I IrE HEhdg o i M % Controller optimization tool|, =
Bt E Parametric sweeps =i [
H‘-H .1 el ey ¥ __EI" "“1__ . i |_- ] ] '_’“
Ml i “ 3 | _ |
- Fd .
£, 3 e / \ e =
i . B =
i | g g II ( \ | T} 49 .HE\JMMUNH Sz i‘"‘ Lom
N 7 ] e | 3 o |
\ \ F 5 1 H | L

P a1 o ey

& 1k

=y B —_ _ — .

Figure 15: SmartCtrl results window
-10 -
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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:

O 0= M

G

R vy

[ 2

Figure 16: Report buttons

RESULTS

Compensator (Rnalog):
Bl (Ohms) = 1.13€41 k
B2 (Chms) = 752.081
Cl1 {( F ) =14.5128 n
c2 { F) =220.82 n
C3 { F ) =25.0%42 n
£fz1 {( Hz ) = 958.333
£f=z2 | Hz ) = 358.333
fpl { H= ) = 9.3%131 k
fp2 { Hz ) = 5.33131 k
£i ( Hz ) = €4.71%¢
b2 ( s*2) = 2.75808e-0028
bl (s ) = 0.000332145
) =1u} =1
a3 |{ s* = 7.0€273e-013
az |( s*2) = &8.33505e-008
al { s = 0.002455915
al =0

Sensor:
Ba (COhms) = 1.05¢ k
BEb {(Chms] = 3.3 k
Pa (Watts) = 60€.0€ u
Pb (Watts) = 1.8%354 m

Loop performance parameters:
DhF { Hz ) = 23.08%58 k
G {(dB ) = 37.875¢€
Ltte{ dB ) = —-34_.5133

Exit

INEUT DRTR A
Single loop
Frequency range (Hz) {1, 993 k)
Cross frequency (Hz) = 3 k
Phase margin (") = 50
Plant
Buck (voltage mode controlled)
B (Chms) = 4_35¢
L (HY =30 u
EL{0hms) = 1lmn
c {F) = 1l€0 u
REC({Chms) =50 m
Vimn (W) = 12
Vo vy = 3.2
Fsw (Hz) = 250 k
Steady-state dc operating point
Hode = Continuous
Duty cycle= 0.275
Veomp (V) = 1.6875
1L (A) = 757.57¢ m
Ilmax(A) = S17.07¢ m
ILmin(A) = 598.076 m
Io () = T757.57¢ m
Vo (V) = 3.3
Sensor
Voltage diwvider
Vref/Vo = 0.75757¢
Compensator
Type 3
Gmod = 0.4
Bll {(Chms) = 10000
Vp (V) =3
W (W) =1
trisec) = 3.2e-00%
Vref (V) = 2.5
Steady-state dc operating point
IC C3(v) = 812.501m
IC Cz({v) = 812.501m
ICCl{w =10
W

Figure 17:input and output data reports
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3. Design exportation to Psim

To export to Psim click on this button. Figure 18.

Bd Ra[ER 2 OM= me
Ex|

ROL oL
gq port to PSIM(schematchFw o

Figure 18: Exportation to Psim button

And configure the exportation. See Figure 19.

Exporting options it

Regulator exporting vay

(% Components [R1, C1,... are given}

" ¢ domain coefficients

~

¥ Power stage and sensors

v Initial conditions

I Shaow files to be exported

Help Cancel | 0K |

Figure 19: exportation to Psim settings

Click OK and Psim wil be automatically opened and the simulation launched.

-12 -
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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 Subcircuit Elements Simulate  Options  Utilities Window  Help

== =] © @ . sagilpppneey B o Lt = A B[R]
Type one or more words to searchn ¢ @ SimU|ati0n time Contr0|
fd [
Parameter file
- Buck (voltage mode controlled), single loop.
ower [:I ALL w
Euntrul _ rﬁ hld f‘“ g @
Other [ vin = 1 : N
Sources T T
Lspice ™ i
el Plant
SimCoder
::z:iauc; [ SEI’]SOI’
] e
[:I Ra
3 %
[ !
[ R
e
Modulator| | —+»— - T

Compensator

Figure 20: Psim exported system

In this picture, all the different functional blocks have been highlighted. Ensure to
configure the simulation time control as follows. Figure 21.

Simulation Contral >

PSIM | sp1ce | SmCoder | color |

Simulation Parameters Help
Time Step 0.1u
Total Time 0.1 I Free Run

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

Figure 21: clock configuration in Psim

- 13-
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The result of the simulation is shown in Figure 22:

IE‘ Simview - - [C\Users\Jorge\Desktop My_SmartCtrl_design.smv] — m] *
IEEiIe Edit View Axis Screen Measure  Analysis Label Options Settings Window Help -

ESEH- SEW R XY AERLLTDD PN ma A G,
Vo0

0 0.005 0.01 0.015 0.02
Time (s)

<
2> I[RLT) - "”,\, TR lE NSyt T otms X wp 4m PFF 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 have been specified in
SmartCtrl.

If the dynamic response of the system is to be analyzed, 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 Vo
[4®° 14T /\/\_ﬁ"‘\ = o v
Vin _— %RC R
— T c

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

E Simview - - [CAUsers\Jorge\Desktop\My_SmartCtrl_design.smv] - m} X
@E\Ie Edit View Axis Screen Measure Analysis Label Options Settings Window Help - & X
ESH- 8% R XY B LBy T ma A FY.
Vo0
B |
PO — — — —
Input voltage step reflected in output voltage
6 H H H H
5
4
3
I(RL1) - )
2 T T P ELCCCTET T EPTEEEEREE CERPEERPPEEEREPER .
B b e e
B R e PR P PP PR PR PEP P TP PPEPEEEPEPEPPPEES:
2
0 f
0 0.02 0.04 0.06 0.08 0.1
Time (s)
< > !
2.5 IRLY) - M il ”\, FRA A e T orme X wp 4m FF P S THD
Ready

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