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Abstract

As one of the optimal new energy sources, the solar energy has been applied more and
more widely by human being. And the grid-connected photovoltaic inverter is one of the
necessary equipment of the grid-connected photovoltaic system.

The grid-connected photovoltaic inverter is a equipment which transform the DC from the
solar cell to AC according with the grid and transports it to the public grid. According to
different standard, the structure of the grid-connected photovoltaic inverter is various. This
paper introduces a kind of line frequency isolated inverter.

Firstly, this paper introduces the principium and sort of grid-connected photovoltaic
inverter.

Secondly, by using the control method of virtual value outer loop and instantaneous value
inner loop, we can eliminate the static error, and make the output waveform well.

Subsequently, soft PLL wasintroduced in detail. The structure of Phase locked loop circuit
and operating principle were researched.

Finally, TMS320LF2407A of Tl incorporated is used as the main controller. We finally
finish the desired design.

K ey wor ds: photovoltaic; grid-generation; SPWM; soft phase-locked-loop; Automatic control
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void initial ()
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}

SINT;
OINT;
CINT;

*SCSR1=0X81FE;

*WDCR=0XOES;
*MR=0X0000;
*FR=0XOFFFF;
*MR=0X0001;
WSGR=0x00;

main ()

{

disable() ;
initial();
pwminitial () ;
ADINIT() ;
enable () ;

T 1CON=*T1CON | 0x0040;

ADSOC () ;
while (1)
{

while (p1>p0)

{

D0=D0-10;
*CMPR1=DO0;

}

while (p1<p0)

{

DO=D0+10;

/ITE ST AT

[/ BN 45 R I H i

//BO L B A it A it 23 7]

[/ RGHZRITIRE A4S 1, 4 00, Jem g 40M
S/ AMERER T

/Wb AR RS, TR A bR Ak
/)W B AT AT 2%, SOUF INTL Ky
[/ LT I AERRPIRAS

//EE B R T W

[/ RGN
//PWM HT4a1k

//AD WAL T RE S
/1T R
//IRBER # 1

/ /A 5] AD e
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*CMPR1=DO;
}
while (p1=p0)
{

DO=DO;

*CMPR1=DO;

}

RGAEENBAT CTEFHEINE, WEARFEHANDN CEFHM SN TEMY, TRy
ST RGN ERIMGAE, T EALRE CPU I BSR4 580 (ED 40MHz). &l oh %
A RE rHRTRC &A%, b R RS A7 A X (¥ %8 A7 7F Command SCAFH 58 /. H1 EVB =
4= DC-AC [R¥ llME 5 A o

3.2 ERfBHPEIFIERF
w25 R B T AL B S I PEEESRAS s i TR, RS R I, [P U I R
L B RSEIZ . SPWM AR AR KTk A . S Ak, BRI R AR
5%, AR T 5w R ro B, B SR AR Y T o T T 25 R o
FRYEH) SPWM B A2k DSP Rk i 1 i L% ™ 2B 19, I8 T- DSP ) T1 5 I gt A LR B
JG CMPRI SR5E/K, MRIE = AN BRI JREE, T1 TARLEES /it Soiia. 12 et
i R S 0T R Wi A A/D i, A/D BEHRGTRS , fili ADC IR AE R IR AR R EAT A/D
LM, XSS R T MR I . U IR A RME RV AR, IS T LR R
JCHE . BETREFP 58 A/D KA. A IESZR . 74 SPWM . FL S AU PT #2145
Ty
//AD WEaA LR
void ADINIT ()
{
*T2CNT=0X0000; //EM B ARAS, T2 M EERE %
*T2CON=0X170C; /T2 N AR, 128 7300, N BRI, 320K
*T2PR=64 ; // TE IS 2% 5 3 55 A7
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*GPTCONA=0X400;

*EVAIFRA=0XOFFFF;
*ADCTRL1=0X10;

*ADCTRL2=0X8404;

*MAXCONV=0X01;
*CHSELSEQ1=0x10;

}

//PW WA TR

int pwminitial ()

{
*MCRA=#MCRC | 0x001E;
*ACTRA=0X0006 ;
*T1CON=0X1000;
*«DBTCONA=0XO0F28 ;
*CMPR1=1000;
*T1PR=2000;
«COMCONA=0X8200;

//BCE T2 IR IR A2, RAFESIA 5K

/ /4 eI FH I s i 2 A7 4 A

//T2 A Wrbr G e AD it

//EVA W& B AE S, TERR EVA hiliARE, 5 130
//ADC #2547 4 1

// RFEIS ) & 1 TE ARz ACQPS3-ACQPSO 4 0

/ /IS TR TR AR CPS 4y 0, AD )i 8l /458 145
/PR T TAE T30, HAR IR R A AR R
//ADC #2547 4 1

//F EVB I—ANFHE 5 il & AD #e4fe, I it 1
/ /B KA P A7 4, 2 JlIE

//ADC i NI EHE PR A5 A7 4%, 1FE 1, 2 Wil

//1/0 VU 75 A7 % PWM1-2, 2 %
/I T R 2 A7 2%

/)R A 1 EGIERI, 1 00, A 400
//BER A AEAE A, 1. Bus

//PWL1, 2

//ERT AR 1 IR R, J5i% 20K

/WA T A Ar s, AR LURRAE

*EVATFRA=*EVBIFRA | 0X0001 ; /G HRWTRR &

*EVAIMRA=0X0001;
}

/) SVFE IS 2% 2 1) 5 B T T2CONT

HARFE PR AR I 18l 3-2 Fiow:
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M. SCERENE

TMS320L F2407, TM S320L F2406, TM S320L F2402
TMS320L C2406, TM S320L C2404, M S320L C2402

DSP CONTROLLERS

The TMS320LF240x and TMS320LC240x devices, new members of the '24x family of
digital signal processor (DSP) controllers, are part of the C2000 platform of fixed-point DSPs.
The *240x devices offer the enhanced TM S320 architectural design of the ' C2xx core CPU for
low-cost, low-power, high-performance processing capabilities. Several advanced peripherals,
optimized for digital motor and motion control applications, have been integrated to provide a
true single chip DSP controller. While code-compatible with the existing ' 24x DSP controller
devices, the '240x offers increased processing performance (30 MIPS) and a higher level of
peripheral integration. See the TMS320x240x device summary section for device-specific
features.

The’240x family offers an array of memory sizes and different peripherals tailored to meet
the specific price/performance points required by various applications. Flash-based devices of
up to 32K words offer a reprogrammable solution useful for:

€ Applicationsrequiring field programmability upgrades.

€ Development and initial prototyping of applications that migrate to ROM-based

devices.

Flash devices and corresponding ROM devices are fully pin-to-pin compatible. Note that
flash-based devices contain a 256-word boot ROM to facilitate in-circuit programming.

All "240x devices offer at least one event manager module which has been optimized for
digital motor control and power conversion applications. Capabilities of this module include
centered- and/or edge-aligned PWM generation, programmable deadband to prevent
shoot-through faults, and synchronized analog-to-digital conversion. Devices with dual event

managers enable multiple motor and/or converter control with asingle *240x DSP controller.

27



The high performance, 10-bit analog-to-digital converter (ADC) has a minimum
conversion time of 500 ns and offers up to 16 channels of analog input. The auto sequencing
capability of the ADC allows a maximum of 16 conversions to take place in a single conversion
session without any CPU overhead.

A serid communications interface (SCI) is integrated on all devices to provide
asynchronous communication to other devices in the system. For systems requiring additional
communication interfaces; the 2407, '2406, and '2404 offer a 16-bit synchronous seria
peripheral interface (SPI). The '2407 and '2406 offer a controller area network (CAN)
communications module that meets 2.0B specifications. To maximize device flexibility,
functional pins are also configurable as general purpose inputs/outputs (GPIO).

To streamline development time, JTAG-compliant scan-based emulation has been
integrated into al devices. This provides non-intrusive real-time capabilities required to debug
digital control systems. A complete suite of code generation tools from C compilers to the
industry-standard Code Composerdebugger supports this family. Numerous third party
developers not only offer device-level development tools, but also system-level design and

development support.

PERIPHERALS

The integrated peripherals of the TM S320x240x are described in the following subsections:
Two event-manager modules (EVA, EVB)

Enhanced analog-to-digital converter (ADC) module

Controller area network (CAN) module

Serial communications interface (SCI) module

Seria periphera interface (SPl) module

PLL-based clock module

Digital I/0 and shared pin functions

Externa memory interfaces (' LF2407 only)

Watchdog (WD) timer module

Event manager modules (EVA, EVB)
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The event-manager modul es include general-purpose (GP) timers, full-compare/PWM units,
capture units, and quadrature-encoder pulse (QEP) circuits. EVA's and EVB'’s timers, compare
units, and capture units function identically. However, timer/unit names differ for EVA and EVB.
Table 1 shows the module and signal names used. Table 1 shows the features and functionality
available for the event-manager modules and highlights EVA nomenclature.

Event managers A and B have identical peripheral register sets with EVA starting at 7400h
and EVB starting at 7500h. The paragraphs in this section describe the function of GP timers,
compare units, capture units, and QEPs using EVA nomenclature. These paragraphs are
applicable to EVB with regard to function—however, module/signal names would differ.

Table 1. Module and Signal Names for EVA and EVB

EVENT
EVA EVB
MANAGER SIGNAL SIGNAL
MODULE MODULE
MODULES
Timer 1 T1IPWM/T1CMP Timer 3 T3PWM/T3CMP
GPTimers
Timer 2 T2PWM/T2CMP Timer 4 TAPWM/TACMP
Compare 1 PWM1/2 Compare 4 PWM7/8
Compare Units Compare 2 PWM3/4 Compare 5 PWM9/10
Compare 3 PWM5/6 Compare 6 PWM11/12
Capture 1 CAP1 Capture 4 CAP4
Capture Units Capture 2 CAP2 Capture 5 CAP5
Capture 3 CAP3 Capture 6 CAP6
QEP1 QEP1 QEP3 QEP3
QEP
QEP2 QEP2 QEP4 QEP4
Direction
TDIRA Direction TDIRB
External Inputs External
TCLKINA External Clock TCLKINB
Clock
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General-purpose (GP) timers

There are two GP timers: The GP timer x (x = 1 or 2 for EVA; x = 3 or 4 for EVB)
includes:

® A 16-bit timer, up-/down-counter, TXCNT, for reads or writes

® A 16-bit timer-compare register, TXCMPR (double-buffered with shadow register), for

reads or writes

® A 16-bit timer-period register, TXPR (double-buffered with shadow register), for
reads or writes
A 16-bit timer-control register, TXCON, for reads or writes
Selectable internal or external input clocks
A programmable prescaler for internal or external clock inputs

Control and interrupt logic, for four maskable interrupts. underflow, overflow, timer
compare, and period interrupts

® A sdlectable direction input pin (TDIR) (to count up or down when directional

up-/down-count mode is selected)

The GP timers can be operated independently or synchronized with each other. The
compare register associated with each GP timer can be used for compare function and
PWM-waveform generation. There are three continuous modes of operations for each GP timer
in up- or up/down-counting operations. Internal or external input clocks with programmable
prescaler are used for each GP timer. GP timers aso provide the time base for the other
event-manager submodules. GPtimer 1 for al the compares and PWM circuits, GP timer 2/1 for
the capture units and the quadrature-pulse counting operations. Double-buffering of the period
and compare registers alows programmable change of the timer (PWM) period and the
compare/PWM pulse width as needed.

Full-compare units

There are three full-compare units on each event manager. These compare units use GP
timerl as the time base and generate six outputs for compare and PWM-waveform generation
using programmable deadband circuit. The state of each of the six outputs is configured
independently. The compare registers of the compare units are double-buffered, allowing
programmabl e change of the compare/PWM pulse widths as needed.

Programmable deadband generator

The deadband generator circuit includes three 8-bit counters and an 8-bit compare register.
Desired deadband values (from O to 24 ps) can be programmed into the compare register for the
outputs of the three compare units. The deadband generation can be enabled/disabled for each
compare unit output individually. The deadband-generator circuit produces two outputs (with or
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without deadband zone) for each compare unit output signal. The output states of the deadband
generator are configurable and changeable as needed by way of the double-buffered ACTR
register.

PWM waveform generation

Up to eight PWM waveforms (outputs) can be generated simultaneously by each event
manager: three independent pairs (six outputs) by the three full-compare units with
programmabl e deadbands, and two independent PWMs by the GP-timer compares.

PWM characteristics
Characteristics of the PWMs are as follows:
16-bit registers
Programmable deadband for the PWM output pairs, from 0 to 24 ps
Minimum deadband width of 50 ns
Change of the PWM carrier frequency for PWM frequency wobbling as needed
Change of the PWM pulse widths within and after each PWM period as needed
External-maskable power and drive-protection interrupts

Pulse-pattern-generator  circuit, for programmable generation of asymmetric,
symmetric, and four-space vector PWM waveforms
® Minimized CPU overhead using auto-reload of the compare and period registers

Capture unit
The capture unit provides a logging function for different events or transitions. The values
of the GP timer 2 counter are captured and stored in the two-level-deep FIFO stacks when
selected transitions are detected on capture input pins, CAPx (x =1, 2, or 3for EVA; and x = 4,
5, or 6 for EVB). The capture unit consists of three capture circuits.
Capture units include the following features:
® One 16-hit capture control register, CAPCON (R/W)
® One 16-bit capture FIFO status register, CAPFIFO (eight MSBs are read-only, eight
L SBs are write-only)
® Selection of GPtimer 2 as the time base
® Three 16-bit 2-level-deep FIFO stacks, one for each capture unit
® Three Schmitt-triggered capture input pins (CAPL, CAP2, and CAP3)—one input pin
per capture unit. [All inputs are synchronized with the device (CPU) clock. In order for
a transition to be captured, the input must hold at its current level to meet two rising
edges of the device clock. The input pins CAP1 and CAP2 can aso be used as QEP
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inputs to the QEP circuit.]
User-specified transition (rising edge, falling edge, or both edges) detection
Three maskable interrupt flags, one for each capture unit

Enhanced analog-to-digital converter (ADC) module

A smplified functional block diagram of the ADC module is shown in Figure 1. The ADC
module consists of a 10-bit ADC with a built-in sample-and-hold (S/H) circuit. Functions of the
ADC moduleinclude:

10-bit ADC core with built-in S/H

Fast conversion time (S/H + Conversion) of 500 ns

16-channel, muxed inputs

Autosequencing capability provides up to 16 “autoconversions’ in a single session.
Each conversion can be programmed to select any 1 of 16 input channels

Sequencer can be operated as two independent 8-state sequencers or as one large
16-state sequencer (i.e., two cascaded 8-state sequencers)

Sixteen result registers (individually addressable) to store conversion values

Multiple triggers as sources for the start-of-conversion (SOC) sequence

< S/W —software immediate start

< EVA —Event manager A (multiple event sources within EVA)

< EVB —Event manager B (multiple event sources within EV B)

< Ext—Externa pin (ADCSOC)

Flexible interrupt control allows interrupt request on every end of sequence (EOS) or
every other EOS

Sequencer can operate in “start/stop” mode, allowing multiple “time-sequenced
triggers’ to synchronize conversions

EVA and EVB triggers can operate independently in dual-sequencer mode
Sample-and-hold (S/H) acquisition time window has separate prescal e control

Built-in calibration mode

Built-in self-test mode

The ADC module in the '240x has been enhanced to provide flexible interface to event
managers A and B. The ADC interface is built around a fast, 10-bit ADC module with total
conversion time of 500 ns (S/H + conversion). The ADC module has 16 channels, configurable

as two independent 8-channel modules to service event managers A and B. The two independent

8-channel modules can be cascaded to form a 16-channel module. Figure 2 shows the block
diagram of the’240x ADC module.
The two 8-channel modules have the capability to autosequence a series of conversions,
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each module has the choice of selecting any one of the respective eight channels available
through an analog mux. In the cascaded mode, the autosequencer functions as a single
16-channel sequencer. On each sequencer, once the conversion is complete, the selected channel
value is stored in its respective RESULT register. Autosequencing allows the system to convert
the same channel multiple times, allowing the user to perform oversampling agorithms. This
givesincreased resolution over traditional single-sampled conversion results.

Analog MUX Result Registers
Result Reg 0 70A8h
ADCIN 0 —»—
Result Reg 1
[
[ ] [ ]
[ [ ]
= [ ]
ADCIN 7 —p—] 10-8it
—'\ ADC —'\ Result Reg 7 70AFh
/| Modue | /1 ResultRegs 70B0h
ADCIN 8 —»— (500 ns)
[ [ ]
[ a
[ ] ]
ADCIN 15 —»—
Result Reg 15 70B7h

1 U !

ADC Control Registers

SN —b—
EVA —»—| SOC soC W
S
equencer 1 Sequencer 2 EVB
ADCSOC Pin—p—

Figure 2. Block Diagram of the'240x ADC Module
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