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ABSTRACT

This thesis presents the proposed synchronous zeta converter focusing on
performance improvement and ripple waveform of voltage and current. The
proposed synchronous zeta converter is developed based on the conventional zeta
converter by replacement of low loss MOSFET on the diode. The synchronous zeta
converter is operated on current continuous mode at buck-boost operation with 0-
0.65 duty cycle, 20 kHz switching frequency and 0-160 watts. The maximum power
efficiency is achieved 95% at current and voltage ripple for both input and output
less than 1 %. The synchronous converter can be applied and tested in maximum

power point tracking with photovoltaic system.
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V, =V, -V, (2.10)
as o S n’j c-i QI | = & o
‘Wﬁﬂﬂ’ITVT'NWU‘Uaﬂ?Qﬂi%ﬁﬂﬂaunagW]EI%’UHG]EIUV%ﬂ@\‘i Sudleainduinseud Ialonay

Lithaszua Giannsavaumsvesnszudliiluariuiniuisey €, Tifaumsi 2.11
icron =112 (2.11)
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PANNIFNIUVDIIIVTTANADULIDIADS TUADUNANN NINTNTpaInTlinaTswa
EJ 1] ) GJ o :j al = 4 o o at H’j
nszhantvanudwnteiisaseiazlualuianenyinlvilalontinssua savunssualvii

Tusufuisey €, anussaunsin 2.12
ey = I (2.12)
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@
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Vi, =VI, (2.13)
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2/
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W o o ¢ ¢ o Y}
Viaﬂﬂj‘ﬁ'ﬁ/’ljﬁql‘l"ﬂaﬂ'Nf\ﬁ%ﬂ']ﬂaumailﬂ@i VUNBDUNIN ﬂigLLﬁLLa%LLiQﬂu‘IWﬁWﬁ’]ﬂLﬁHU
< | o [ o | o o d P
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LNINUAUY Iﬂﬂlﬂ'\ﬂﬂﬂuﬂ'ﬁﬂ 2.11 9AATUENAINYUINTEIE LAZEALNITN 2.12 ARYUEN

admdldinnssua

i(‘i,nn(DT)+ i('],r)ﬂ (L= (2.14)
(=1, XDTY+(1,)A-D)T =0 (2.15)
LI L (2.16)

Iy 1-D



'-#‘\ﬂ?ﬂ“ﬂﬂl”'n = > @
AT WILADUINTIAIONTZIR .
1

at o L2 I,:: d o @t E 2 i 23 1 s
PANNITHIUVDINATTAIADULIDIADS TUADUNUN A A1aItWHIA U WwNAY

Masliauean naun1si 2.17

£ =k,

Vi, =Vi, (2.17]
In Vo (2.18)
I.T,Z Vs

YR o o Vo o
ﬁ]?ﬂﬂ’lﬂuauwuﬂuaNﬂ’]im 2.10 wazdaunisn 2.13 ﬁlxlﬂaﬁli’]ﬂ’li‘ﬂﬂ’]aLL‘ix‘iﬂ‘LﬂUﬁuﬂ’ﬁ

il 2.14

V._ D (2.19)
Vv

' i v - I @
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bl =0 (2.20)
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= i 27 &
anunsaeulunllamaannisn 2.22
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AV, ~ L a-pr (2.22)
T Cy
MNEUNITT (2.18) uay (2.19)
In_V,_ D
s ¥y 1=D
Sngulaiitam 1, uaz 7, I6u
VO
I, :?/—:XILZ
D
V. =V (—
& .v(l__D)
ANauNSi 2.22 1
- 1-D
AV, m——(—22) (2.23)
. C_/-'_v Vv f

wazilonszualuaniivuanseiunseia 7,

AV ey, o (ﬂj(V‘)(ij(ﬂj (2.24)
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2
AV(.ﬂy ~ v £ (2.25)
Cﬂny 1-D

L= 1 1 d ) =
Mi@ﬂﬁ'l'ﬂ@’l??‘i%ﬂﬁﬂﬂﬂﬁﬂ“ﬂ@x‘lLL?\WI‘L} Cﬁy A

AV(_’ﬂ'_v ~ CK)_?f (2.26)
My

o = s d‘ :J 2/ L -:’ 1 o
MusdAeudanIsEannAauYeInsELd avmlaanaunsusesulniinnasaudn

a o l:} = 2 ar Q]
LAUEIUT L, Fagnusaleulanadunisn 2.27 uay 2.28

diy,

Vo=V, =1 (2.27)
dt
Aim _ ﬂ
or I,
A, = Vi prVP (2.28)
Ll Llf

° o d o o a4 a ¢o Y
cwﬁluaqLaHQﬂULuaﬂr’uqm%qﬂiﬁLLa‘iSaaﬂﬂaqu L2 LHBEAINYUINTELE ﬁls%’llﬂmﬂ

at i 1 t :j o =l ¥ ar d
E’{llﬂ’ﬁLL'NﬂU1WﬁWﬁﬂﬂﬂﬁﬂlJmﬁLﬂuU]u7 L, anunsaluaNNTlARIANNITA 2.29 wag 2.30

V.’2 = I/r) + (V‘ - Vn) = LZ dILZ (229)
’ ' dt
V
15,2 e . (2.30)
L2
L Lf

nsvinululnuanseualwitnluacudiwieniwuunaiies eulvnvinlulas

< o v od o o oA v a
wilgnhiiesnuuulmaniigauazyinruluunnszuaseidos 81981 [10]

_ 2
1,min = (125) X R (231)
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LZ min = (1 n D) X R (232)
: 2Df
I xV
C, = el (233)
‘ (Vv ; I/u) x f X V;’.'ppn'e
1
G = dp¥ (2.34)
ZXfXIerp.’e sz
C, = L : (2.35)
8 X L x Vr:‘pp.'r.' = f

2.2 \waauase1iing (Photovoltaic)

\wadlaefing w3slad Photovoltaic 39d2uiifinnaindiin Photovoltaic Taawen
panilud1d1 Photo Fevunefls was way Volt nursds usssulvd e udmneds
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'
a

Ao eUstAvgMinanatsfedaii idu 3aneu (Silicon) unatdsnansialus(Gallium
Arsenide) BuLfey Woalve (Indium Phosphide) waaLliiay inataaslsd (Cadmium
Telluride) Wusiu Budleldfuuaseniingdlanssfozdsuiunmeilain wazavgnueniiu
UsgqlwihuinuazUszalwihaudeliiAnussiuliihiidiaesdave nsaduaseniing 3
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visthurureunefmefiieulanduliinssuaaduiedluldiulssely
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| ot ad a ¢ WYo W a ' o o '
naniiimaingimans dalmhndsuaslldlunsndalvii InstugunsalmZanioue

\BaduaIaning (Solar cell) @aunsamandannuainiasefindulldlnenss wagaiuisoiiu
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A9 Audlddreuludiuyssnoundny dude Wusanduinuiewaeld (n1stunvinlad

q

= aa

Uiguldanils desfimadauarldndaan mudsdosiialiine) daneuiuagiuiléunly

I
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N5 UTaLn03, lod (Integrated Circuit : IC) Uaz2995uoaload (Large Scale Integration :LSI)
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Tnedulvgjuduinairaandanouvisau Fdunandnsaduaseindiu TuudvasingAulad

¢a o
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= a = l:‘ o a . . e
2.2.1.1 waaudserfindvlinuinifel38nau (Single crystalline silicon

'
=

solar cell : c-Si) n3afi 33niulute Mono crystalline Silicon Solar Cell @nwuziiuwsiu
aa I aa [ Ao P ) =) v o
Fanaunlsuazuran Fansuilusniuinigalulanyiavia aunsaaasldainiuiaz
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l:.‘i L3 - o’d o . aa l q. = ]
gﬂw 2.7 \aawEIMAEgNYININTaRoUINANANLIABI[13]

2.2.1.2 waaudsefinduiandninadanau (Polycrystalline silicon solar

; ¢ a o = iy w = o v Y = o
cell :p-Si) WwaduasaWnduuundninalagniiamuniu iveundyvisunugaveanuuninme,
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=8 x
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Yo v = L | 2/

Rvdaladentd C,, vum 2000 pF
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B Ll
WV + VI f XV
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Vppte = 02 (ALFIRUNTELNDUNABINNS)

8x 28
Cp =
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unuAluaunis D =05 (FlaAa)
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Vou=V, x—2— (3.6)
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3.3.8 2995WiA8a (Regulators)
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1. Ripple Current (zeta converter)

2. Ripple Voltage (zeta converter)

3. Efficiency (zetla converter)

4. Ripple Current (Synchronous zeta converter)
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5. Ripple Voltage (Synchronous zeta converter)
6. Efficiency (Synchronous zeta converter)

7. Wiguiey Ripple Current, Ripple Voltage, Efficiency
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Wan15I1aa9 HAN1SNAaBY
Zeta Synchronous Zeta Synchronous
converter zeta converter converter zeta converter
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Abstract--This paper presents the performance
comparison of synchronous  single-ended
primary-inductor converter (SEPIC) and
synchronous ZETA focusing on the converter
efficiency and the output waveform quality. The
conventional SEPIC and ZETA converters
operated in Buck and Boost modes were modified
to the synchronous SEPIC and  synchronous
ZETA converters to improve the converter
efficiency. The operating conditions were setup
where the duty cycle was operated from 0.3 to 0.7
for covering buck-boost modes at the continuous
current mode. Two switching frequencies at 20
kHz and 40 kHz were operated to compare the
effect of switching loss and conduction loss where
the efficiency was concerned. Finally, the
converter efficiency and the ripple factor of the
output voltage were concluded.

Index Terms -Synchronous SEPIC converter,
Synchronous Zeta converter, Efficiency, Ripple
factor

[. INTRODUCTION

The PV energy technology evolution is rapidly
grown. The power electronic was applied to the
MPPT for increasing the highest power, low
loss and compact size by the high efficiency
equipment. The system can work in standalone
mode by tiny power which is produced from
itself [ 1] [2] [4]. Therefore the power electronic
equipment is necessary to produce in the PV
system. So the equipment were made for
lifetime and high efficiency [3] [4].

In present, DC-DC converters were used even
more. So the converters have to work in buck
mode and boost mode for step-up or step-down
voltage as required. In this paper presents the
synchronous single-ended primary-inductor
converter (SEPIC) system and the synchronous
ZETA converter system. The characteristic is as
buck-boost mode. The circuit design was the
same as the ripple voltage and efficiency
parameters. Those circuits used two inductors
which can join the core for reducing the PCB
size and for economic reason. The capacitor Cpy
released the power to output side and protected
the shorted load [5]. Both circuits can work in
the continuous conduction mode (CCM) and the
discontinuous conduction mode (DCM) [6] [7].
Section 1[I introduces the basic converter
operation. Section [l presents the simulation

978-1-4799-3174-3/14/$31.00 ©2014 IEEE

and their results. Section IV shows the
experimental results and the analysis of the two
circuits with two operating switching
frequencies. Section V  concludes the
performance comparison.
II. Synchronous SEPIC and Synchronous
ZETA converters

: Lt
-'%j & cin JE e L —J—-Co SR_Load

T

Fig. 1. Equivalent circuit of synchronous SEPIC converter
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Fig. 2. Equivalent Circuit of Synchronous ZETA converter

Fig. 1 shows the equivalent circuit of
Synchronous SEPIC converter and Fig. 2 shows
the equivalent circuit of Synchronous Zeta
converter, consist of an input capacitor, Ci,; an
output capacitor, C,; coupled inductors L, and
L2; an AC coupling capacitor, Cpy;, a power
FET, Qi and Q: [8].
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Fig. 3. Synchronous SEPIC during CCM operation
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b) Switch Q, off, Q; on mode
Fig. 4 Synchronous ZETA during CCM operation

Fig. 3 and Fig. 4 show the Synchronous SEPIC
and Synchronous ZETA operating in
continuous conduction mode (CCM). They
used dsPIC30F4011 to generate PWM signals
for gate controlling.Q, is on, QQ, is off shown in
Figures 3 (a) and 4 (a) respectively. Q) is off,
Q> is on shown in Figures 3 (b) and 4 (b)
respectively. To understand the voltages at the
various circuit nodes, it is important to analyze
the circuit at DC when Q; is off, Q2 is on.
During  steady-state CCM,  pulse-width
modulation (PWM) operation, and neglecting
ripple voltage, capacitor Cyy is charged to the
input voltage, Vi.. Knowing this, it can easily
determine the voltages.

When Q) is off, Q- in on, the voltage across L
must be Vg Since Ci, is charged to Vi, the
voltage across Q; when Q; is off, Q2 is on
equals Vin +Vau, so the voltage across Ly is Vit
When Q, is on, Q; is off, capacitor Cay, charged
to Vi, is connected in parallel with L, so the
voltage across Ly is —Vi,. Q) is on, Q; is off,
energy is being stored in L; from the input and
in Ly from Cpy. When Q) turns off, Q, turns on,
L,’s current continues to flow through Cyy and
Q2, and into Coy and the load. Both Cyy and Cay
get recharged so that they can provide the load
current and charge L,, respectively, when Q,
turns back on and Q- turns back off[4][5][8].
Both operation are open loop system.

A. Duty cycle

Assuming 100% efficiency, the duty cycle, D for
synchronous SEPIC converter and synchronous
ZETA converter operating in CCM is given by

Vo = Vip X — )

1-D

B. Component selection for Synchronous
SEPIC and Synchronous zeta

95

14 = Vinmax*Vo 2)
Iripple XX (Vinmax+Vo)
Where Li=L,

I _ 1o XV,
be Vin,min XEff

3

Loge = 115X Ipe 4

1,%V,

Cepy = 5

Tty (VintVo)X [ XVyipple ©)

G = L, B——— 5

in = 10 5% Fx0.18V (6)
]ripple

= ey i

0 varipplexf ( )

The main parameters for both Synchronous
SEPIC and ZETA converter are summarized in
Equation (2) to (8) [8].

c [II. SIMULATION RESULTS

The simulation results worked in the Powersim
program. The system switching frequency was
at 20 kHz. Simulation parameters are setup as
shown in Table 1.

A. parameters component for simulation

Table I Simulation parameters

Cin 1000 pF | Cou 1000
uF
Li 100 pH | Cay 1000
uF
MOFET IRF Ras(on) 13 mQ
2807

B. The simulation comparison of Synchronous
SEPIC and Synchronous ZETA converiers
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Fig. 5 The efficiency and output ripple voltage
comparison of Synchronous SEPIC and
Synchronous ZETA converter
The efficiency of Synchronous Zeta is little
more than Synchronous SEPIC at 0.3-0.7 duty
cycle.  The output ripple voltage of
Synchronous Zeta is significant lower than of
that Synchronous SEPIC converters because
there is the characteristic of LC low pass filter

of the Synchronous ZETA converter.



IV, Experimental Results and Analysis

The experiment aims to evaluate the two
performance parameters of converter efficiency
and output waveform quality in term of voltage
ripple factor for both of Synchronous SEPIC and
ZETA converters based on the operating as
follows:

1. To vary duty ratio from 0.3 step to 0.7 to cover
the Buck mode and Boost mode,

2. To compare the losses system at 20 kHz and
40 kHz,

3. To control the DC load via electronic load
from 0 W to 160 W with 20 W stepping,

The parameter and testing circuit of
Synchronous SEPIC and ZETA converters are
shown in Table 2 and Figures 6 and 7. The DC
input voltage is supplied at 28V.

A. Component parameters for experiments

Table 2 the experimental parameters

Cin 1000 MF Cout 1000 ]J.F

Li 100 pH Lz 100 pH

Cay 1000 pF | & 20 kHz

MOSFET IRF Ras(on 13 mQ
2807

B. Experimental circuit

Fig. 6 Synchronous SEPIC circuit Fig 7 Synchronous ZETA circuit

C. Synchronous SEPIC results

Fig. 8 Gate Signal at Q), Q, and Current at L,

The complementary gate signals of
Synchronous SEPIC converter between Q, and
Q. are shown in Figure 8 where the inductance
current through L, result in opposite direction.
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Fig. 9 Output voltage ripple factor at 0.3-0.7 duty cycle
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Fig. 10 The output power efficiency at 0.3-0.7 duty cycle

The Synchronous SEPIC results in higher
output voltage ripple factor when the duty cycle
is increased. Higher load also results in higher
output ripple voltage factor shown in Figure 9.
At duty cycle 0.7, 160W, output voltage ripple
factor reach 15%.

The efficiency of the Synchronous SEPIC is
higher at high load when the duty cycle is
increased from 0.3 to 0.7. while at lower load,
efficiency is lower when the duty cycle is
increased from 0.3 to 0.7 shown in Figure 10.

D. Synchronous ZETA results
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Fig. 12 Ripple voltage output at various duty cycle
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Fig. 13 The output power efficiency at 0.3-0.7 duty cycle

The pattern of Synchronous ZETA results the
trend of output ripple voltage factor and
efficiency as in the Synchronous SEPIC
converter as shown in Figures 12 and 13 except
the output ripple voltage factor of the
Synchronous SEPIC converter much higher
than of that Synchronous ZETA converter.

E. The Performance Comparison between
Synchronous SEPIC and Synchronous ZETA
converter
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Fig. 15 Output ripple voltage

It is clarified that the Synchronous SEPIC
results in better in input ripple voltage while
worse in output ripple voltage shown in Figures
14, 15 and 16 (a). Figure 16 (b) and Figure 17
shown the slightly advantage of Synchronous
ZETA converter comparing to of that
Synchronous SEPIC converter in term of
efficiency.
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(a) output ripple voltage (b) efficiency
Fig. 16 comparison of output ripple voltage and output
power efficiency at 0.3-0.7 duty cycle
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Fig. 17 The output power efficiency at 0.3-0.7 duty cycle

F. 20 kHz and 40 kHz switching frequency
comparison

The comparison of both converters with double
switching frequency shows the effect of
switching loss to reduce the peak efficiency
from 93% down to 85.6% at 50% duty cycle. In
general, the synchronous ZETA results in
higher efficiency in wide load range particular

in 40 kHz shown in Figure 18.
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(a) Synehronous SEPIC converter (h) Synchronons ZETA converter
Fig. 18 Comparison of power efficiency of Synchronous
SEPIC and ZETA converter at 20 kHz and 40 kHz

V. CONCLUSIONS

The performance of the Synchronous ZETA
converter and the Synchronous SEPIC
converter was setup and compared. The
component parameter and the operating
condition are controlled at wide range of duty
cycle, wide loads and two selected switching
frequencies. Itis clarified thatthe Synchronous
ZETA converter performs a better performance
than of that Synchronous SEPIC converter in
term of efficiency at low switching frequency
and result more benefit if the switching loss
domination in the total loss.

In term of power quality of output ripple voltage
factor, the Synchronous ZETA converter gives
a better solution over the Synchronous SEPIC
converter. This can lead the choice of DC-DC
converter output quality due to their LC
parameters, However, the Synchronous SEPIC
converter can be selected in term of application
on conducted electromagnetic interference
issue due to a lower output ripple voltage factor.
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// :Include & Config clock
#include <p30Hocech> // generic header file for dsPIC
#include <stdio.h> // for sprintf();

#include <math.h> // for sqrt();

_FOSC(CSW_FSCM_OFF & XT_PLL4); // Sw Disabled, Mon Disabled,XT w/PLL 1x

_FWDT(WDT_OFF); // Watchdog timer off

g :Define
#define FULL DUTY 400 //for Fpwm 20 kHz

#define TRUE 1

#define FCY 4000000UL

#define BAUDRATE 9600

#define ROUND 20

#define DISABLE_FIRING PWMCON1=0x0000
#define ENABLE_FIRING PWMCON1=0x0011
#define START_TIMER T1CONbits. TON=1
#define STOP_TIMER T1CONbits. TON=0
#define DONE ADCON1bits.DONE

// :Global Variable

double per_duty=0;

int duty=0;

int tick=0;

unsigned update_lcd=0;

unsigned update uart=0;

unsigned int RBOd, RB1d, RB2d, RB3d;

double RBOa, RBla, RB2a, RB3a;

double RBOAvg, RB1Avg, RB2Avg, RB3Avg;

//RB Digital Value (0-1023)

//RB Analog Value (0-3.3)
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double Vin, Vout, lin, lout, Pin, Pout;
double Po;

int Do;

/' :Function Prototype

void Setup_PWM(void);

void Setup_ ADC(void);

void Delay _MS(unsigned int ms);
void Setup_TIMER(void);

void Setup_UART(void);

void SendMsg(const char *TXPtr);
void Read_sensor(void);

void PnOb(void);

// :Library

#include "LCD16x4.c"

/' —:ISRs

/' TIMER Interrupt

void __ attribute__((interrupt, no_auto_psv)) _Tlinterrupt (void)
{
STOP_TIMER;  // wgatiuiian
update lcd=1; // \Wauanswian LCD 1u 1
if(++tick==10)
{ update_uart=1;

tick=0;

IFSObits. T1IF = O;

return;
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!/ :Main
int main(void)
{ char buf{17];

char buf2[100];

LCDInit(); // Gunldfleidu LCD
LCDClrser(); // \PRUINLND
LCDPrintxy(1,1,0,"Synchronous ZETA"); // Uiiﬁmﬁ 1
LCDPrintxy(1,2,0," By MoJo  ); // UTTiAT 2
Setup_TIMER(); // Fonldileridu Timer (utianielaadninn)
Setup_PWM(); // Genldlaridu Pwm
Setup_ADC(); // Genldilaridu ADC
Setup UART(); // Gunldfilafidu UART
Delay_MS(5000); // ag 5 um
while(1)
{ LCDClrscr(); // \AAgTUNINTD
// wanaindulvum No load
LCDPrintxy(1,1,0,'NOLOAD [ 0.01"; // ussviai 1
LCDPrintxy(1,2,0,'Pin : 0.0 W ") // ussvia 2
LCDPrintxy(1,3,0,'Pout: 0.0 W ) // ussViail 3
LCDPrintxy(1,8,0,'Eff - 0.0% ") // U @
per_duty=50; // EnddRlsAasuduR 50%

duty = per_duty/100.0*FULL_DUTY;

PDC1 = dity;
ENABLE_FIRING; // 31378 PWM psandiilaiia
dof

Read sensor(); // 81UAINTHE AL
while((Pin>10)); // W@aiddalwilannnda 10 dadusalyl

// i 10 aduansindvan ivnaa MPP 16

1/ (=3 ol & 1 (=) 2/ dj i = 1
7/ ilaifi 10 Insuaneiiliflnanliuguidaluzesqauninvziinisneluan
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LCDClrscr(); // PR8I0

// wanaindulvue Tracking

LCDPrintxy(1,1,0,'NOLOAD [ 0.01'); J/ ussiaft 1
LCDPrintxy(1,2,0,'Pin : 0.0 W ") // ussvied 2
LCDPrintxy(1,3,0,"Pout: 0.0 W "); // usSViai 3
LCDPrintxy(1,4,0,"Eff :  0.0% "; // UssViai 4
Po=Pin; // \fiudn P1
Do=per_duty; // \fiuen D1
per_duty++; // \uAniaR lAatu 1

duty = per_duty/100.0*FULL_DUTY;
PDC1 = duty; // \dalinauniesines

Delay_MS(50);

START_TIMER; // Gutfuaiesmeanuiiiee
while( TRUE ) // quUBUTHTA

{

iflupdate_lcd) // swiaaniinaanne 200 ms

{ /7 Wa@aawaaann1e LCD
sprintf(buf,"%4.1f" per_duty); // Wwanab3lusuds buf
LCDPrintxy(12,1,0,buf); // wananamily buf usTvied 1
sprintf(buf,"%5.1f",Pin); // ananlalusuds buf
LCDPrintxy(7,2,0,buf); // wananaalu buf fussiad 2
sprintf(buf,"%5.1f" Pout); // waaanlalusuds buf
LCDPrintxy(7,3,0,buf); // wanamaailu buf ussviad 3

sprintf(buf,"%4.1f" Pout/Pin*100);// luana1lilusuls buf
LCDPrintxy(8,4,0,buf); // wamaraaily buf fussviad 4
update_lcd=0; // \@muanswian LCD 1 0

iflupdate_uart)
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{ Read_sensor(); // 8MAANYUIYDS
// Wd@napaaann1e UART
sprintf(buf2,"Vin : %.2fA\t\tVout : %.20\\tlin : %.2fA\Ntlout : %.2fFAM\MPIN : %. 2AWA\L
Pout : %.2AWAN\tDuty : %.2Ar\n",Vin,Vout,lin,lout,Pin,Pout,per_duty);
// Wanalilusiuwls buf2
SendMsg(buf2);
update uart=0; // \@aunanswian UART \Uu 0
}
START TIMER;  // Buifuianiiedmaavingg
}
PnOb();

if(Vout>60 || Pin<10) // \inilnandaudousieaguialy ie \in over voltage u3a

break; // ﬁ%ﬁﬂ%ﬁ[ﬁﬂ&;ﬂﬂﬁﬂ'@ﬂ MPP
}
}
return 0;
}
// :Function
/' Setup PMW

void Setup_PWM(void)
{

PTPER = FULL_DUTY/2; // With 4 MHz Fcy and no prescaler

SEVTCMP = FULL_DUTY/2;  // Trigger occurs just before switch turns off
PWMCON1 = 0x0000; // Enable pwm #1, Complementary mode
DTCON1 = 8; // Deadtime 2 us (2us*dM=8)
PDC1 =0; //Duty0

PWMCON2 = 0x0002; // No Special Event Prescale, Fast Overrides, Updates enabled
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PTCON = 0x8000; // Timebase On, runs in idle, no post or prescaler, free-running
IFS2bits. PWMIF =

return;

1 :Setup ADC10bits

void Setup ADC(void)

{
ADPCFG = OxFFEOQ; // ANO-4 is Analog PORT
ADCON1 = 0x006E; // Use PWM Trigger, continuous simulatenous sampling
ADCONZ2 = 0x043C; // Use Avdd/Avss, 1 samples, scan CHO+, 16 sequence/interrupt
ADCHS = 0x0000; // Connect ANO->CHO
ADCON3 = 0x1F3F; // Not using auto sample, sampling 31TAD, clock of 128*TQ
ADCSSL = OxFFFF; // Scan input select unused
IFSObits.ADIF = 0; // Clear Off Any Interrupt Due To Configuration
IPC2bits.ADIP = 3,// ADC Priority 3 (medium)
ADCON1bits. ADON= 1;// Turn on ADC Module

return;

vig :Delay_MS
void Delay_MS(unsigned int ms)
{

unsigned int i;

for (; ms>0; ms--)

for (i=0; i<728; i++)
Nop(); // delay 1 mch cycle

return;
}
// Timer

void Setup_TIMER(void)
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// 1s  100ms 200ms
PR1=3125;//15625;//1563;//3125; // update every 1 s
T1CON=0x0030; // Prescale 1:256
IFSObits. T1IF = 0;
IPCObits. T1IP = 1:
IECOLiNs TUE = 1;
return;

}
// :‘UART

void Setup_UART(void)

{

U1IMODE = 0x8400; //UART enable & run in IDEL & ALTX,ALRX & no-wake-up
UISTA = 0x0000;//Interrupt on TXBUF becoming empty & UART TX
U1BRG = (FCY/(16.0*BAUDRATE))-1; //set buadrate 9600

U1STAbits. UTXEN = 1; //Enable TX

return;

}
I/ :Sent Data

void SendMsg(const char *TXPtr)
{
while(*TXPtr)
{
while(U1STAbits.UTXBF);
ULITXREG = *TXPtr++;
}

return;

[/ :Read sensor




void Read_sensor(void)
{
unsigned int i
RBOAvg = 0;
RB1Avg = 0;
RB2Avg = 0;
RB3Avg = 0;
for(i=0; i<20; i++)
DONE = 0;
while('DONE);
RBOd = ADCBUFQ;
RBOa = (float)RBOd / 100.0;
RBOAvg += pow(RB0a,2);
}
RBOAvg /= 20.0;
RBOAvg = sqrt(RBOAvg);

Jfrsensin config Vout—-——----

Vout = 8.6982 * RBOAvg + 0.107746; //<—UNUAENN1T Vout

if( Vout<0 ) Vout = 0;

for(i=0; i<40; i++){
DONE = 0;
while(IDONE);
RB1d = ADCBUF1,
RB1a = (float)RB1d / 100.0;
RB1Avg += pow(RB1a,2);

}

RB1Avg /= 40.0;

RB1Avg = sqrt(RB1Ave);

//————--config lout——-—-

106
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lout = 2.6985 * RB1Avg + (-13.924);  //<——UNUANENNIT lout
if( lout<0 ) lout = O;
for(i=0; i<10; i++){
DONE = 0;
while(!DONE);
RB2d = ADCBUF2;
RB2a = (float)RB2d / 100.0;
RB2Avg += pow(RB2a,2);
}
RB2Avg /= 10.0;
RB2Avg = sqrt(RB2Avg);
//————config Vin————-
Vin = 8.7719 * RB2Avg + 0.45088; //<——UNUAIAUAIT Vin
if( Vin<0 ) Vin = 0;
for(i=0; i<50; i++)X
DONE = 0;
while(IDONE);
RB3d = ADCBUF3;
RB3a = (float)RB3d / 100.0;
RB3Avg += pow(RB3a,2);
}
RB3Avg /= 50.0;

RB3Avg = sqrt(RB3Ave);

[N i
lin = 1.6334 * RB3Avg + (-8.4349); //<——-UNUAEUNTT lin
if( lin<0 ) lin = 0;
//-==-—-—-—config Pin----—-—-—-—-
Pin = lin*Vin;

/[ config Pout--------—----



108

Pout = lout*Vout;
return;
}
/%
i :Read pot

void Read pot(void)

{
unsigned int pot=ADCBUF4;
actual pot=actual pot+pot;

// i digital filter wuude
actual_pot=actual pot>>1;
duty=0.4251%actual_pot-17.4282;

// Usuvinanuiieng 0.2v - 4.8v

if(duty>240) duty=240;

// ALinA9RT 60 % (0.6%400=240)

else if(duty<0) duty=0;
else;
per_duty=duty/(double)FULL_DUTY*100; // Amneniamduesidu
//PDC1=duty;
// \EadaRist 1H 1L
return;
}
e
// :Perturb and Observe Methods

void PnOb(void)

{
Read_sensor();
float dP = Pin-Po;

float dD = per_duty-Do;
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if(dDI=0)
if( dP/dD >=-0.5 ) {Do=per_duty;per_duty++;}
// PP is to the right of the MPPT
else {Do=per_duty;per_duty—;}
// PP is to the left of the MPPT
}
if(per_duty>60) {per_duty=60;D0=59;}
// AfiaFia lidad 0-60%
else if(per_duty<0) {per duty=0;Do=1;}
else;
Po=Pin;
duty = per_duty/100.0*FULL_DUTY;
PDC1 = duty; // W@admilsdalifuasuiadines

Delay_MS(100);

:End
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3.4.1.3 Schematic library ﬁamsa%’wqﬂmzﬂﬁumgﬁaﬁazﬁﬂiﬂ’lﬁﬁmu‘lu
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dsPIC30F Wuuedalulasmeulngiaeslunszna 4011/2010dsPIC30F Fudenld
lulasmeulnsiansju 28 Pin a3 dsPIC30F40 w3a Ju 2010 Pin Lua$ dsPIC30F a3 4011
Microchips 1{u MCU Uszd1uadn Tng dsPIC30F Wiu 4011/2010MCU daldin1suszanana
foyauuu 9n 3nA1 168 Microchips Faigaaulusurasniuaiuisalunisussuiana

ayadyuLuuRIneamuizegsdmiuiiluyssgndldluauniuausigeg Tnslasedn

2

meluasiunisuaunaiuseninadulasreulnsaass )MCU) waz1935 DSP (Digital Signal
Processing) 7391 1iRa81 U nT8013138n MCU m3zQa dsPIC30F 311lu DSC n3a Digital
Signal Controller ilg lnalaseasnavesvasa ET-BASE dsPIC30FLASUATS 4011/2010
sonuuuliueiniivwiadn wmuzdaninihluvssyndldaudundn Tnansluvesaliussy
101299 ndudentsldeu uazazaindenisiaunTusunsy fanudangu arunsn
USudsudyial/o ot ludsegnalfeniludnuuzinqliaenndauazimangauiy
Anusaansideulalunategdnyasaudeintsauautivesuasa danld MCU aszqga
dsPIC30F w38 2010dsPIC30F was 4011Microchips 1lu MCU Uszinuasa lnannauld
LWu9Ies MCU loun
1. WeAMNAT Flash 12 Kbyte (dsPIC20F2010) w3e 48 Kbyte (dsPIC30F4011)

2. 1IN a7 RAM 9u1a 512 Byte (dsPIC30F2010) w30 2 Kbyte(dsPIC30F40)

w

. fimingaud EEPROM w1 1 Kbyte dwsuifivtoyalda
4. fiwese 1/0 vua 19 Bit (dsPIC30F2010) w3® 29 Bit (dsPIC30F4011)

5. 31 16Bit Timer/Counter 37U U 3 9 (dsPIC30F2010) %59 5 U0 (dsPIC30F4011)

(o))

.4 Input Capture 91u7u 4 Y89

-~

.4 Output Compare 97U7U 2 %04 (dsPIC30F2010) #38 4 v04 (dsPIC30F4011)

co

.l ADC10Bit/500 Ksps 31u3u 6 989 (dsPIC30F2010) %30 9 ¢84 (dsPIC30F4011)
9. § PWM Motor Control §1u3u 6 989 W58 Quadrature Encode Interface(QEl)
10. 31 UART d1u7u 1 9a9 (dsPIC30F2010) %39 2 984 (dsPIC30F4011)

11. &1 SPI 47U 1 909 uag 4 12C 91u7u 1 989

12. {17995 Watchdog, Power-ON Reset, PWM

13. 14 Crystal m27ud 7.3728MHz @1115014 PLL@JmmmﬁLﬁ'a Run A213

29.491MHz
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14. fiwosndansounsy UART WUU RS232 91uau 1989 dwfudsPIC30F2010 waz
2993 @150 dsPIC30F4011 wian Jumper dusuldanldanu UART u3e GPIO lanunainis
Taelddasio UART wuu CPA-4 Pin asg1u 87

15. §i42 1CSP w1ms51u 1CD2 wuu R dawsuldsauduyawaunluswnsuuay
Debugger ﬁiaa%’umiﬁwmmummyu ICD2 w4 Microchips Lt ICD2 wae Pickit2 1ot

16. 3 Switch dusuadudniusening Program/Debug(PGM) wag 1daudsna
(RUN) wiau LED waaaluuan19vi9utasuase

17. fimadayauia 1/O WUU Header 111 2x5 §71U7U 3aunzHeader 1x8 Pinan 1

@

Ym

18. 1 Header 14Pin 113U Character LCD w3au VR USuAmadng

19. § Switch Reset d1m§uds Reset N13vi191uws MCU meluuada

20. 1 LED dwiiunaaaunisina tneld RBO Tunisaiuau wioy Jumper dnsie
fyayo

21. Power AC/DC Input W8y Regulate WUU Switching luas LM2575 auna 5V/1A
anluun1A1U59UIININ95 Regulate WAy LED Lamidn uzlnadae Power

22. wu1m PCB Size LanLles 8 x 6 cm.

lugaudasdimezuasniudinealugauUasdygmezuiaenilufidnoavun
10 U (10-bit high-speed analog-to-digital converter) u3aluga ADC \Julugaiuusediues
uraanulasdygranduiararuasidonvuin 10 Oa luga ADC 989 dsPIC30F4011
91U 9 Basdyu Usznaulusieun ANO/RBO, AN1/RB1, AN2/RB2, AN3/RB3, AN4/RB4,
ANS5/RB5, AN6/RB6, ANT/RB7 Las ANS/RB8 ‘U§Elﬂlﬁ?ﬂ3Lm33JLLa:ﬁ’Ni]iﬂ’TiVTN'l‘lmmIll@ja
ADC
T,rﬂaﬁamauﬁﬁﬁugmmaﬂugaﬁaﬁ

1. wasdyyraudeyauvulssuiudviodaladn wuniondiudy

(Successive Approximation : SAR)

Z AuaItun1sulasdyey1aunile 500 ksps (500,000 adiatnafatuni)
a3 lasdunndyanauiasn 9 ¥oa
4. BunpulTIugdsanmeuanle

q

5, fhsasduuazasAdeyeyns (S/H amplifiers) 4 ya
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6. duinudyaaildunnis 4 Fedunadygueuann
E. AuaTeInIsoUmdIulnon LR

8. Wenunaanssunisulasdyanaouaanld

9 fiwresiiuteyadyau 16 dwun 16 dn

10.  denluuanisiiudeyanuuiintmnesle
11, Avuemsuanideyadyyiuaineals 4 gUluy
12, Awusnsvinaulalulunueadduazlowda

vl 7]
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2.3 33amasAiuAl ADCON3 (ADC Control Register 3) 33amna3 ADCON1
fla ADCON3 (WuiTawmainuauuazivunnsiuvadtuga ADC
2.4 ADCHS (ADC Input Channel Select Register) 33atna$iaanv18una
dusuidaudaiuaees S/H (Sample and Hold amplifiers)
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6. 33a1995 PWMCON2 (PWM Control register #2) 1Uus3ainasrivunailnes
\naLaes (Post scale) dmTunsssunisvinauvasluga A/D, fvualuuan159191ure 9
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- InuansduBuasdeileansenduinesSuduiuuyean (Continuous
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