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Abstract—This article describes the implementation of a through the A/D converter, while maintaining thetpu
platform for experimentation in Digital Control of DC/DC  yoltage under control. Another task of the FPGA tis
Converters. This platform will allow us to discuss different determine the dynamic load value commanded fronPte

techniques for power converters control, assess tistate of the art .
and propose new techniques for specific applicati@nin chip The single phase converter, converts from 5V 16/ 38d

development or electronic systems. The platform csists of a WOrks up to 10A of current. The multiphase converte
DC/DC Buck type converter, two variable resistors,four A/D  converts from 12V to 1,5V up to a maximum curreifb@A.
converters and a PID controller developed in an FP&. The The A/D converter reads the tension or the curodrnthe
modular design allows us to add different convertes, fillers and  converter and sends the correct digital word toRREA.

methods of control. The Dynamic resistive load receives a binary woothfthe

Index Terms—FPGA, DC/DC Converter, Digital control, Buck FPGA and generates a combination of resistancess It

Converter, AID Converter, Dynamic load, Switching onverters, responsible for control the dynamic demand for potwethe
DC-DC power converters, Analog-digital conversion. DC/DC converters.

I. INTRODUCTION
. . . . . AID Converters DC Source
This article describes the construction of an expental

hardware platform, consisting of power convertedaies and

a digital controller module.
The power converters with digital control moduleser a
range of low, medium and high power applications &mave
already produced some successful commercial predi&,3] DC-DC Converters )
The purpose of this project is to consolidate a kivngy FPGA [Single-phase | Dynamic
group to develop techniques for modeling and tovalthe Load
control of switched circuits, especially in powdeatronics
applications for effective and efficient conversionelectrical Fig. 1. Block diagram of the dynamic load
energy.

This work is part of a CSICproject of research and
development to consolidate the control group of @ow
electronic converters. The power modules (DC-DC
Regulators) cover a wide range of applicationsat land A Resistive Dynamic Load
medium power, particularly for voltage regulationgortable
electronic systems and computer equipment. Theraitart
module is based on an FPGA with a PC programmi

lll. DESIGN

In order to test the DC/DC converters resistor @slu
between 0,01& and 5@ are needed. However, there are
rkﬂans to work in two more DC/DC convertors, so aeot

interface. range of loads between @and 40K2 were considered.
I. FUNCIONAL SPECIFICATION R n

The system consists ofa digital control module _1 N
implemented with an FPG#on the card IIE-Cyclone([4,5] R
and three types of peripherals: Resistive Dynanaad, A/D —111—'\;\;\-—
Converters and two DC/DC converters, one Buck sipfiase ]
converter and one Buck multiphase converter. — _j” "

The control module and peripherals are the expetiahe e  ——
platform of digital DC/DC control converters. B ——{ Avstamianto }7 —1j

The FPGA will be responsible for performing the il —_— ] -
control of DC/DC converters and for analyzing tlaadfrom EE 2t tiay
the output voltage and current of DC/DC convertbes come _lj "

|

Aislamiento

1 In spanish: Comisién Sectorial de Investigaciéentffica, UdelaR Fig. 2. Scheme of dynamic resistive load
2 Field Programmable Gate Array

% It is the final product of another IIE project bdsin a Cyclone-II card of
ALTERA [5,10]

There are only 8 bits of the FPGA available forraiag
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the load, so some values were chosen to wotheimtiequate

range.
TABLE |
V ALUES OF THE FIRST RANGE OF LOAD
Word Value Q)
00000001 0,02
00000010 0,33
00000100 1,50
00001000 4,00
00010000 10,00
00100000 20,00
01000000 40,20
10000000 50,00
TABLE 2
V ALUES OF THE SECOND RANGE OF LOAD
Word Value Q)
00000001 50
00000010 100
00000100 500
00001000 1000
00010000 8200
00100000 13000
01000000 30000
10000000 40200

In figure 3, a schematic of how to perform the colnof the
mosfets transistors with the FPGA, which delivermhlage of
3.3V is shown. This voltage passes through an opiaer to
isolate the FPGA from the rest of the circuit, tleedriver to

adapt the signal to the mosfet.

optoacoplador  Driver
hFPgs Fin +
— A
Conected to
GADFFGA 1 DC/OC Converter
N VIO R§ output

Fig. 3. Esquema de una rama de la carga

Rin resistance serves both for limiting the currtdt is
required for the FPGA, and for giving enough cutterpower

the diode.

As a means for testing the loads, the pins foFfR&A were
connected, binary words from the PC were put, &iedvalue
of output resistance was checked. The results laoers in

Table 3 and 4.

TABLE 3
EXPERIMENTAL VALUES OF THE FIRST RANGE OF LOAD

Word Theoric Value®) | Measure Value()
10000000 0,030 0.4
01000000 0,33333333 0,53
00100000 15 1,7
00010000 5 5,18
00001000 10 10,29
00000100 20 20,32
00000010 40 40,45
00000001 49,9 49,96

TABLE 4
EXPERIMENTAL VALUES OF THE SECOND RANGE OF LOAD
Theoric Value

Palabra (Q) Measure Value)
10000000 49,9 49,8
01000000 100 99,8
00100000 560 559
00010000 1000 998
00001000 8200 8140
00000100 13000 12970
00000010 30000 29900
00000001 40200 40000

B. A/D converter.

Figure 4 shows in a block diagram the stage ofsigaeal
and the A/D converter conditioning. This stage wilé
responsible for adapting the signal of interesinftbe DC/DC
converter to the range of values that the A/D caevecan
handle.

Conversor
ocioc

Acandicio
namisnto

DIGITAL
OUTPUT

HACIA FPGA

Fig.4. Block diagram of the A/D converter

As a first step a reduction of the input voltagesvamne,
being necessary to encompass the whole range of the
converter. In a second step the signal is filtdrgd low pass
filter (LPF Low Pass Filter) with a cutoff -frequen(fc) less
than half the sampling frequency (fs) of the coteferto
eliminate the aliasing effect. Figure 5 shows ackldiagram
of the conditioning step.
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Figure 7 shows the diagram of the converter wittmimon
mode input. This converter allows us to measure BC/

, _ LPF converter output with a greater precision.
e zﬁ}//f’/ LU | ge=p | LB Figure 8 is a diagram of a differential input cortee its
B configuration allowing us to measure voltage orrent values

of any component as it can take negative values.

Fig. 5. Conditioning step diagram

Acondicionamiento Filtro

Conditioning requires different types of reductitmt were
implemented by means of mechanical jumpers.
Conversor AD
TABLE 5
GAINS OF AMPLIFICATION OF THEA/D CONVERTER M " =1
Vi Gain Vo =
I =
1 1 1 =—H
15 2/3 1 ==
10 1/10 1 = =4 "
20 120 1 S A
Signal filtering is performed using an active filtef first DME“" a

order with cutoff frequency at 1MHz. It is shown the

. o Fig. 8 Diagram of the differential input A/D comter
diagram in Figure 6.

Test results are shown in figures 9 and 10. They ar
average values obtained by the FPGA.

Filtro

100 -
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sV
00
700
00

500 -

2
a
Salida del conversor A/D

400
300

200
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I I I I I 1 i I i i
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Fig. 6.Anti-aliasing filter vt el comorsor 4D
Fig. 9. Test input common-mode converter.
In order to get a good resolution, 10 bit Texadrimeents

ADSB822E converter was chosen, with 40MSPS sampétey

and a latency lower than 0.5 us. o0} :
i | *
900 f:
=110
Acondicionamiento MA Filtro 800~ B ¥
— ’ I mk [ ‘
LW\' s emf : , | +
=\ '\J\ : i
b » s 3 S0F 2
¥ = .
D] . > - ‘
l F 40 : S Valor Tegrico 6=1/20
+ 4 @ p i +  Valor Real G=120
Conversor AD 0+ : ¥ ! Valor Tedrico G=1/10
T +  Valor Real G=1/10
v 200 t 5 Valor Tedrico G=0,667
% . 9, + »
1 L Walor Real G=0 pb7
< <z 100 - 4 ¢ Valor Tedrico G=1
2 ( + Valor Real G=1
0 L / L ] I T = E? |
-2 -1 -10 5 0 5 10 15 2
Entrada del conversor A/D
Fig. 10. Test input differential-mode converter.

—

Fig. 7 Diagram of common mode A/D converter
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C. DC-DC Convertrs Figure 13 shows the current in the inductance. Eou#2)
can be derived.
Converter Buck monophase Uu,-uU U
L N:%m—,andbeinguozé
d
14T (_m\ N U dT
+ o i, then Al :—L 5(1—5) )

51
Vi C) #E S5 C T~ v Carga

Fig. 11. Schema of single-phase DC/DC Convertgr. [7

In Figure 11 a basic diagram of the monophase Buck
converter is shown. To calculate the componentsega
three principles of the system in steady-state waken into
account:

Fig. 14. Current through capacitor [6].

1) Volt » Second Balance: the average value of the In figure 14, Al represents the ripple current from the
applied voltage on an inductor must be zero. capacitor (and therefore inductance) and Q+ and the,
maximum and minimum loads, respectively, which the

capacitor will have.
To calculate the output ripple voltage of the coter the
3) Small ripple assumption; we can approximate the maximum accumulated charge on the capacitor Q- ibet
voltages on the capacitors at their DC values, and, considered. Then in Figure 14 we have:
in some cases, to approximate the currents by

2) Load balancing: the average value of the current
through a capacitor must be zero.

inducing their DC values (though for instance, this t
is not true in DCM). [7] Ve (t)—Vc (to) _lji (t)dt
v C; c
U U o — e 0
d “o %
. 11T A
t = —_—
| . lzzzA ©c222
3 1 g ‘ ‘ Substituting in equation (2):
Fig. 12. Voltage applied to the inductance. [6] 2 U
Ave :T—T"(l— 3) @)
In Figure 12 the voltage applied to the inductan€dhe 1 1
filter is shown. Applying the first hypothesis traverage o . = ——— = 2 7if f - —
Defining: c=JLC ¢ and T The

voltage on the inductor is taken as zero:
following expression is obtained for the relativgput voltage

<VL>:%T[VL (t)dt :%[(Ud ~U )T -U, (1-6)T] ripple:

U Ave 72 fo)
Uo-U,=0=>—"2=6(1 =—1-9) =
a0 =Uo AR U, =749 5@
o ; ; ; ; Considering the real capacitor model as an idgzda@éor in
(0 u,-u, . -, : : I%<iL(r)> series with a resistance and if it is significatite output

voltage ripple can be approximated Ave =V =RI,
For the converter design, it was considered thatotltput
voltage ripple should be less than 5%, the ripplthe current
‘ 3 ‘ — must be less than 30% of the maximum current ld, work
e : 1 will be performed with a value of T = 1.28ms.

Fig. 13. Current through the inductor.
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i N Aislamiento
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Fig. 15. Diagram of single phase converter.

|

Salca dl

The single-phase converter converts from 5V to\8.8nd
using equation (1) the following was obtained:

Ave < 0165V y & :S—C’Zﬂ
d 5V
Substituting this values in the equation (4) andking out
LC it can be found that:
LC =214x107"

= 0,66

(5)

The converter was designed for a range of 0.1 AQdA,
then the ripple current status &l < 3A . If this value is
substituted in equation (2) the second inequalitipund:

L 2 0,487 uH (g)
From (6) yand (7) L = 0,&H y C=3H were chosen.
A filter consisting of an inductor and a parallelpacitor
was placed in the input of the converter, thiefilserving to

isolate the equipment connected to the input frbm rioise
introduced by the switches.

Buck multiphase converter

The multiphase converter designed is from 12 V.®\,
being similar to single phase but with four industmstead of
one, switches being activated in out of phase byuarter
period, discarding the first order current harmerdad getting
a smaller ripple.

As in the single phase converter, it can be caledléhat:
= Yo _1SV 4125
U, 12v

The current ripple for each branch of the convemeast be
less than 30% of the maximum current for each braarad a
period of 1.28 microseconds was used.

As the converter was designed for a maximum loaBiOof
and a 4-phase converter was desired, the conddfothe
ripple current in each branch is:

Y,T 1-0)< S0A, 30 3754
4 10C

The condition to be met by the inductance of eaandh of

the converter is:

o

Al =

L = 0,448 uH
To determine the capacitor value it is necessatghke into
account that the output voltage ripple should ks than 5%.
As in the case of single-phase converter:

Vc(t)_vc (to):éjic (t)dt

Being iC(t) andAl ; the current and the total current ripple
through the condenser respectively. Therefore towkithe
value of C the only additional data neededlis .

The current iC (t) is the sum of the currents tiglothe four
branches of the converter which are like thoseigife 14 but
with offsets of 90°, between them. While findingethum, a
periodic triangular wave is obtained. Figure 16vehidow the
slopes of each leg of the triangle wave - thatltesvhen the
original function f (t) have slope "a" in (@T) and "b" in
(6T,T) for the four possible cases: 3%,25; 0,258<0,5;
0,5<9<0,75 and 0,751 - are.

i) 7~ % .

~ /
@) N a/ 0 )i \\b / b
4 N e N g
/ N L \ \
TEEEE : N .
fitT4) ~ ~ o] BN
AN b 2/ b 2 A \
af : / N as \b Q-
/ «
N / e \ |7
o e P ;
fitT72) 7 5 N
NN , IR a !
3 a/ \ /1/ b 2" b )
/ N N\ \
/ N
T f Y T
o B 2 w| m B
GRS RREZN \ /
NG SV |37 b 3 A\
. b e \{ ~ \b
/ / N2 \ 2
~./ ~/ N\ \
En 70 B
a+3b4b 2a+2bfa+3b 3a+b2a+2b 4afa+b
En

Fig. 16. Currents through the branches of the iplétse converter

The resulting wave frequency is four times biggar,the
period is 0.32 microseconds.

As in the case of the single phase converter, thg ccle
is 0.125.The case of the first column from the &éfthe figure
above is studied, to analyze the total current.

Having chosen the value of the inductance asyHylthe
ripple voltage in each branch is 3.29A. Therefore:

AL 829A  _ ogsA)us
oT 0,125 x 128 us y
Al 329A

=- = = -293A/ us
(1-0)T 0875x128us H

By means of these values the total current rippe i
calculated as:

Al =(a+ 3b)(tl -sz — (a+3b)oT
=11,77 A/ usx 0,125 x 1,28 us =1,8832 A

We can obtain C from the ripple voltage equation:
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Recalling the assumption that the output voltageple
should be less than 5% we obtain tkag 1,004uF

Aislamiento

Enac el
cccccccccccc

Fig. 17. Multiphase converter schematics.

The system shall generate periodic waveforms vhighduty
cycle d[9..0] and shifted 90°, 180° and 270° betwdse
different branches of the 4-phase converter as showigure
19.

a1 1 I
4 T L
do 1 1
do
L&) 1 | I
i L
da T 1 L
da ] [ L
Fig. 19. PWM pulses for keys management of a DCrlM@tiphase
converter.

The following describes the implementation of a oied
from a previous work [9] that consists of a pulsativ
modulator with 10 bits to represent the duty cyakeshown in
figure 20.

ENTBADA |
10 Bits DPWM | saLba

CK o
25MHz T=1.25us

Resolucion = 1,25 nx

Fig. 20.10 bits Pulse width modulator

D. PWM signal generation for command DC-DC converters This modulator is based on the use of the 8 mgsifiiant

Implementation was performed in VHDL modules tharev
recorded in the IIE-Cyclone Il card allowing thdldaving:

Fig. 18. Open loop system

bits of duty cycle in order to obtain a periodicwedut with 5

ns resolution. We used a counter with the outpaneoted to

a comparator, thus producing periodic wave "coarse
adjustment".

1. Management of the switch of the Dynamic Loads —
2. PWAM signal generation for the management of the | CONTADOR [
DC/DC converter switches in open loop 3.
3. Feedback output voltage DC/DC converters for VALOER a_j‘__—_—_%— €1
7=— COMPARADOR |
closed loop test i
4. Generation of clock signal for the A/D converter
and the PID controller LCK ZooME.
In order to create the modules, a modulator impleetas = = -
a final project of the course named Logical Deslgnas used J J
as a reference [9]. [ wd
The open loop system of the DC/DC converter takes t vzl ’ ‘_f !
duty cycle of PWM signals that command the switches ) i - -
(represented by 10 bits) as inputs, and the voltdeijgered by Ok [ = -
the converter as outputs (see Figure 18). ' :
Cl_J 1 I 1 I
| 3% :
d[©..0] - }I G(s) > Vo 1,28 us

Fig. 21. Coarse adjustment
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For resolution of 1.25 ns (“fine adjustment”) thele3s [ corravor

significant bits of duty cycle and a serializer eveised. -
8.
- 2 ————
VALOR ClI_INV
fX_INCICK  —> ;,3_ COMPARADOR
reloj de 400 MHz (2,5 ns) SERARACION INVERSOR
LDs O >
BN salida serie a 800 MHz (1,25 ns) CK 250 MH=

dato paralelo a transmitir comenzando con el MSB

en forma serial Fig. 25. Blocks for the generation of the "inveragves

(datos transmiticos con el flanco
de subida y bajada del reloj . . . .
v ) In order to obtain the shifted periodic waves, bheck in

Fig. 22. Serializer for fine adjustment figure 26 was implemented

. ] 3 1 .

From the coarse adjustment wave and the 2 leasifisant T 250 MH: | CONTADOR |14 coNTapoRae - CURNTA 270
bits, it can be determinated which bits and whepubits into

) . .

the serializer in order to get a resolution of 1n85 I:KZL':DN“DDR 18 CURNTA 180

8 c1 B P——— |
T ALOr 4 CONTADOR 90° — CUENTA 90¢
—_ 9 CK

CRONO
FE Fig. 26. Blocks for the generation of the shifteaves.

CR1 o 200 MHz Shifted waves 90°, 180° and 270° with respect to a
o 400 MHz SALIDA reference were obtained. With each of the counteses
LVDS coarse adjustment were generated. Then higher utesol
waves were generated in the same wy as describedeab
obtaining as a result the shifted waves with a ltgiem of

1.25ns.

Fig. 23. Modulator diagram ([9]) E. Control in FPGAimplementation

DPWM
The block for the feedback output voltage DC/DCvaoter

This block is based on the modulator described atand 1S Shown in Figure 27.
can also generate periodic "Inverse" waves and 1ED® and
shifted 270° to handle all the switches of a 4 phR&€/DC e o |10 d

vy AD =3 PID | —3  G(s) v,
converter. -
The "inverse" waves are theoretically duty cycld, Wwhere

d is the duty cycle that determines the transfoionatatio. In Fig. 27. Output voltage feedback.

this case an additional parameter of 8 bits, SEPARAT

was introduced, which adjusts the inverted wavetasvn in Auxiliary signals were generated and a block foPI®
figure 24. control of the plant was done.

c1 M Recycled DPWM

This block is basically the DC/DC system descrilabdve
with the addition of the following outputs, and &Pblock

|
|
[
l
N '_|' '_|' 0 CLK_ADC: clock signal period of 640 ns (a half dfet
\— IO T J PWM period). It is used in the A/D converter and BiD.

c1 (Figure 27):
Fig. 24. SEPARATION Parameter[7..0]. CE_PID: Signal for enabling the reading of the restithe

PID block. It is always high, so it only includdeetrising edge
In figure 24, C1 represents the periodic wave ofiree of CLK_ADC that is the half of the PWM cycle.
adjustment. With this parameter, the length of titmat both CK_DPWAM: clock signal of equal period as the PWM
switches are open simultaneously can be controllegignal (1.28 us) but with the rising edge 160 nietgethe end
COMPARATOR INVERSOR block was implemented takingof the previous. It is used to load the readinghaef DPWM
into account the parameter SEPARATION (8). Thus GV | block in the PID controller at the end of the PWitle, so as
gets the resolution of 5 ns. to avoid further changes in logic level in the PVéldnals in
the same period.
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1,28 us

‘
S I N S
] I

(.

SENAL PWM J

CLE_ADC

CE_PID

CE_DPWL

Fig. 28.Auxiliary signals for closed loop control.

PID

The PID corresponds to the proportional-integeidative
control of the output voltage of the convertersliscrete time.
Its entries CLK_ADC, KP, KI, KD and ERRORI[9..0]
correspond to the output of A/D converter. The aufp[9..0]
is of the form: D[n] = KP*ERROR[n] + KI*(S[n-1] +
ERROR[N]) + KD*(ERROR[N]-ERROR[n-1]), where S[n-1] +
ERROR[N] = S[n] is the cumulative sum of the intégeam
and all the variables that are represented in teaisplement.

In order to obtain S[n-1] and ERROR [n-1] (sampletles
earlier than n) type D fli-flops with clock CLK_ADG®vere
used (see following figures).

KFP

l

Fig. 29. Diagram of proportional block

i

ERROR[n] PROPORCIONAL

S[n)
ERROR|n]

+

2]

INTEGRAL

K

Fig. 30. Diagram of integral block

|
X

ERROR[n] DERIWATIVG

T

ERROR[n-1]

)
Fig. 31. Diagram of derivative block

To perform the multiplication and sum of the vestof the
relationship that defines D[n] configurable bloaksisting in
the Cyclone Il chip are used.

The block that calculates the integral term is giesil so
that S[n] saturates at -2048 and in 2047.

For simplicity, detailed calculation of the conteol

constants is not shown, the constants obtainedjbein
KP =0,12628 Kl =0,06186 KD = 0,02596.

As work is done on binary system, it is approxirdabg:
KP =0,001000 KI=0,000011111 KD =0,0000011010.

It was decided to work with constants of 6-bit witteir
format:
<1 bit of sign><2 bits>,<3 bits> for performing tbeerations
in the controller with a fixed number of bits redl@ss of the
values.

Therefore, for the above values, a shift of the @arhl, 6
and 6 places to the right for KP, KI and KD was laap
respectively, then obtaining the following conssart the
format explained above:

KP =000,010 KI=011,111 KD =001,101.

With this format for the constants and taking iatcount
that ERROR is 10 bits and S (sum of the integnah}ds 12
bits, the proportional term gets the form: <13 Bh8bits>;
the integral <15 bits>,<3bits> and the derivativel3<
bits>,<3bits>.

Now, we must undo the shift of the coma made far th
constants. So the format of the proportional teen €12
bits>,<4 bits>; the integral <9 bits>,<9 bits> a&hd derivative
<7 bits>,<9 bits>.

To make the sum of the three terms, they must binén
same format: <12 bits>,<9 bits>.

Therefore it may be necessary to extend the deditmaby
adding zeros to complete 9-bit and make a signnsida to
complete the entire 12 bits (repeating the signasitmany
times as necessary to be a two’s complement).

The result of the sum is obtained in the form: bit4>, <9
bits> (there are 2 additional bits for the caseasfy). D (duty
cycle) is obtained from the fractional part of them, taking
into consideration:

1. If the integer partis > =1, then D = 1111111111
(1023)

2. If the integer is negative, then D = 0000000000 (0)

3. Otherwise, D is the fractional part of the sum by

adding a zero to make 10-bit LSB

IV. PLATFORMTESTS

The following tests were performed: response to the
variation of duty cycle, response to load variaticand
transient test.

In this article, only the test of the single-phd3€/DC
converter is presented, having postponed the mhblse test
for a second stage.

The test of the response to the duty cycle vanationsists
in taking samples of the voltage of the convertetpot,
maintaining constant the input voltage and the |0A& did
the test with 5V of input voltage andQlof load.

The duty cycle is changed from 0.1 to 0.9 takingsafnples
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of the output voltage. In figure 32 the output agk obtained
is plotted as a function of duty cycle, and it ¢ennoticed that
the graph is monotonic and pretty close to thelities.

I
0.34

i i i
[ 058 [
Ciclo de Trabajo

08 L
018

I L I I
0.26 0.42 074 082 09

Fig. 32. Output voltage of the single phase cdevers a variation of duty
cycle

The test of the load variation response consisttaking
samples of the converter output voltage during atian of
the load demand. At the beginning, there was h tagel of
noise in the gate. This problem was almost elineidaby
removing the gate capacitors and adding one 22pBodar
connecting the common point to the two mosfet amdhe
circuit ground. For this new configuration, the wverter
output voltage with a duty cycle of 0.66 was 3.66 V

We connected the load to the single-phase conyeatet
through the FPGA we gradually altered the valuethefload,
the results are in Table 16, the graph of figurev@d can see
the voltage evolution vs the current.

Coriente v5 Voltaje

05
0

I Y Y O A N |
0 100 200 300 400 500 600 700 600 900 1000 1100
Corriente (mA)

I I A N |
1200 1300 1400 1500 1600 1700 1800

Fig. 33. Response to load variation. Voltage vsenir

The transient test in open-loop transient consistghe
trigger of a drop in load (an increase in currestistumption)
and taking samples of the induced change in theubwbltage
of the converter. For this, similarly to the prawotest, the
converter and the load are connected and the @suilpe is
set to perform a single shot.

The test was conducted with the duty cycle of 0@ an
input voltage of 4.97 V, the drop was made fromkheden of
49.96 Q to 1.7 Q. In figure 47 it can be noticed that the

response to this step, the transition takes 29.2ant the
change is from 3.66 V to 3.35 V through a minimuaitage
of 1.94 V.

| 1o

|l
"1WWWM ‘.!i‘! *nwwﬂ. /MJ‘“ 2

o

[[eed
B

|

Fig. 34. Response to a Load drop

The final circuit is shown in figure 35, its mainraponents
and the input and output values being marked. Thergy
flows from right to left through the series induate Lf and
capacitor Cf in parallel to form the input filtehen come the
high mosfet in series and the low mosfet in pakaiteen the
main components of the converter which are thedtafu_c in
series and parallel capacitor Cc.

The converter control is performed by the FPGA tigio
the IN Low which controls the mosfet handling thes lmosfet
and the input IN High which handles high-mosfet.

E2s

A Fig. 35. Final cr?:uit of the single-phase conwverte

Finally we tested the Single-phase converter witie
variable load, the A/D converter and the FPGA. Wtitis
system, we changed the load through the computertiae
FPGA reacts maintaining the output voltage stable.

In the bottom of figure 37 we can see the feedbéc
converter output voltage and the upper part ofiithee is the
high mosfet input, we can notice that the controflaturates
and goes from OV to 5V. In figure 36 we can see tthe
entries where we can observe that while a switdliogeis
open (3.3 V low active ), the other opens and do¥ée can
also see that the controller reacts to the inpghasi A/D
converter.
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Fig. 36. FPGA output with the first constants

Fig. 37. Voltage output of the converter with tivetfconstants of the
FPGA.

In order to improve this response, PID gain wasngkd
until a stable output was obtained. Nevertheldss, 3.3 uF
output capacitor was increased by means of putintpuF
capacitor in parallel, in order to better stabilthe output. In
this way the voltage was stabilized at 3.6V.

In figure 38 the PWM outputs of the FPGA.are showine
switches being activated by low voltage.

Fig. 38. FPGA output with the new constants.

E

Fig. 39. Output voltage ripple of the converter.

V.CONCLUSIONS

Once the project was finalized, the single-phasekBu
converter and, the four A/D converters were puto int
operation, the dynamic load circuits for two diffat ranges
were ready to use, and the PID control loop wadémpnted.
This loop needs some adjustments in the constantheo
control blocks (proportional, derivative and intaiyr for
maintaining the output voltage constant while DC/B@rent
demand is altered. The platform was tested whie single-
phase Buck converter both in closed loop and imopeop,
and new algorithms can be tested on it.
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