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FFT analysis

Sampling time = 5e-05 s -
Samples per cycls = 400 —
DC component = 0.0002105 |E‘
Fundamental = 3.548 peak (2.50% rms) | &
THD =5.11%
0 Hz (DC): 0.01% g0.0"°
25 Hz 0.01% 136.8°
S0 Hz (Fnd): 100.00% -1.8°
75 Hz 0.00% 235.3°
100 Hz (h2): 0.00% -26.3"°
125 Hz 0.00% 125.7°
150 Hz (h3): 3.10% 160.4°
175 Hz 0.00% 237.1°
200 Hz (h€): 0.00% -33.3°
225 Hz 0.00% 124 3°
250 Hz  (hE): 1.739% 204.3°
275 Hz 0.00% 236.2°
300 Hz (B6): 0.00% -5.2°
325 Hz 0.00% 123.1°
350 Hz (h7): 1.22% 185.38°
375 Hz 0.00% 235.3°
400 Hz (k&) : 0.00% -52.38°
£25 Hz 0.00% 121.8° o
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International PD-0.5128
Rectifier | IRFP460

HEXFET® Power MOSFET

® Dynamic dv/dt Rating

® Repetitive Avalanche Rated D _

e |solated Central Mounting Hole Vpgs = 500V
® Fast Switching

® Ease of Paralleling

¢ Simple Drive Requirements

RDS(OI"I) = 027Q

) |D = 20A

Description
Third Generation HEXFETs from International Rectifier provide the designer
with the best combination of fast switching, ruggedized device design, low
on-resistance and cost-effectiveness.

The TO-247 package is preferred for commercial-industrial applications
where higher power levels preclude the use of TO-220 devices. The TO-247
is similar but superior to the earlier TO-218 package because of its isolated
mounting hole. It also provides greater creepage distance between pins to
meet the requirements of most safety specifications.

TO-247AC
Absolute Maximum Ratings
Parameter Max. Units
Ip@ T¢=25°C Continuous Drain Current, Vas @ 10V 20
Ip @ Tc=100°C | Continuous Drain Current, Vas @ 10V 13 A
Iom Pulsed Drain Current @ 80
Pp @ Tc=25°C | Power Dissipation 280 W
Linear Derating Factor 22 wW/°C
Vas Gate-to-Source Voltage +20 \'/
Eas Single Pulse Avalanche Energy @ 960 mdJ
lar Avalanche Current @ 20 A
Ean Repetitive Avalanche Energy © 28 mdJ
dv/dt Peak Diode Recovery dv/dt @ 35 Vins
Ty Operating Junction and -55 to +150
Ts1G Storage Temperature Range °C
Soldering Temperature, for 10 seconds 300 (1.6mm from case)
Mounting Torque, 6-32 or M3 screw 10 Ibfein (1.1 Nem)
Thermal Resistance
Parameter Min. Typ. Max. Units
Raic Junction-to-Case — — 0.45
Recs o Case-to-Sink, Flat, Greased Surface — 0.24 — °C/wW
RaJa Junction-to-Ambient — — 40
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Data Sheet No. PD60147 rev.U

International
ISR Rectifier  IR2110(-1-2)(S)PbFIR2113(-1-2)(S)PbF
HIGH AND LOW SIDE DRIVER

Features Product Summary
® Floating channel designed for bootstrap operation
Fully operational to +500V or +600V VorrseT (IR2110) 500V max.
Tolerant to negative transient voltage (IR2113) 600V max.
dV/dt immune
® Gate drive supply range from 10 to 20V lot+/- 2A [ 2A
® Undervoltage lockout for both channels
® 3.3V logic compatible Vout 10 - 20V
Separate logic supply range from 3.3V to 20V
Logic and power ground +5V offset tonioff (typ.) 120 & 94 ns
® CMOS Schmitt-triggered inputs with pull-down :
® Cycle by cycle edge-triggered shutdown logic Delay Matching (1231‘.11%) 12% NS max.
® Matched propagation delay for both channels ( ) ns max.

¢ Outputs in phase with inputs

Packages

Description

The IR2110/IR2113 are high voltage, high speed power MOSFET and
IGBT drivers with independent high and low side referenced output chan-
nels. Proprietary HVIC and latch immune CMOS technologies enable
ruggedized monolithic construction. Logic inputs are compatible with
standard CMOS or LSTTL output, down to 3.3V logic. The output
drivers feature a high pulse current buffer stage designed for minimum
driver cross-conduction. Propagation delays are matched to simplify use in high frequency applications. The
floating channel can be used to drive an N-channel power MOSFET or IGBT in the high side configuration which
operates up to 500 or 600 volts.

16-Lead SOIC
14-Lead PDIP IR21105/IR21138
IR2110/IR2113

Typical Connection up to 500V or 600V
Sl
h— HO ﬁ ‘ Er T
Vppo——¢———Vp, Vg —¢ AN
T
HIN o HIN v 4 0
SD o SD — A oLOAD
LIN LIN Vee 2
& —
Vg o Vi COM |—%% ‘ oy
Vee o—‘ — LO AVAVAY
(Refer to Lead Assignments for correct pin configuration). This/These diagram(s) show electrical
connections only. Please refer to our Application Notes and DesignTips for proper circuit board layout.
www.irf.com 1
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IR2110(-1-2)(S)PbF/IR2113(-1-2)(S)PbF

Absolute Maximum Ratings
Absolute maximum ratings indicate sustained limits beyond which damage to the device may occur. All voltage param-
eters are absolute voltages referenced to COM. The thermal resistance and power dissipation ratings are measured
under board mounted and still air conditions. Additional information is shown in Figures 28 through 35.

International
TSR Rectifier

Symbol Definition Min. Max. Units
Ve High side floating supply voltage (IR2110) -0.3 525
(IR2113) -0.3 625
Vg High side floating supply offset voltage Vg-25 Vg +0.3
VHO High side floating output voltage Vg-0.3 Vg+0.3
Vee Low side fixed supply voltage -0.3 25
VLo Low side output voltage -0.3 Vee +0.3 v
Vbp Logic supply voltage -0.3 Vgg + 25
Vsgs Logic supply offset voltage Ve -25 Ve + 0.3
ViN Logic input voltage (HIN, LIN & SD) Vgg-0.3 Vpp + 0.3
dVg/dt Allowable offset supply voltage transient (figure 2) — 50 Vins
Pp Package power dissipation @ Tp < +25°C (14 lead DIP) — 16 W
(16 lead SOIC) — 1.25
RTHJA Thermal resistance, junction to ambient (14 lead DIP) — 75 3
(16 lead SOIC) — 100 cw
Ty Junction temperature — 150
Ts Storage temperature -55 150 °C
TL Lead temperature (soldering, 10 seconds) — 300

Recommended Operating Conditions
The input/output logic timing diagram is shown in figure 1. For proper operation the device should be used within the
recommended conditions. The Vs and Vss offset ratings are tested with all supplies biased at 15V differential. Typical
ratings at other bias conditions are shown in figures 36 and 37.

Symbol Definition Min. Max. Units

Vg High side floating supply absolute voltage Vg +10 Vg + 20

Vs High side floating supply offset voltage (IR2110) Note 1 500

(IR2113) Note 1 600

Vho High side floating output voltage Vs Vg
Vee Low side fixed supply voltage 10 20 v
Vio Low side output voltage 0 Vcc
Vbp Logic supply voltage Vggs + 3 Vgs + 20

Vss Logic supply offset voltage -5 (Note 2) 5

VIN Logic input voltage (HIN, LIN & SD) Vss Vop

Ta Ambient temperature -40 125 °C

Note 1: Logic operational for Vg of -4 to +500V. Logic state held for Vg of -4V to -Vpgs. (Please refer to the Design Tip
DT97-3 for more details).
Note 2: When Vpp < 5V, the minimum Vgg offset is limited to -Vpp.
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Description of STM32F2xx Standard Peripheral Library

Introduction
The STM32F2xx Standard Peripheral Library covers 3 abstraction levels, and includes:

* A complete register address mapping with all bits, bitfields and registers declared in C. This avoids
a cumbersome task and more important, it brings the benefits of a bug free reference mapping file,
speeding up the early project phase.

*» Acollection of routines and data structures covering all peripheral functions (drivers with common
API). It can directly be used as a reference framework, since it also includes macros for supporting
core-related intrinsic features, common constants, and definition of data types.

* A set of examples covering all available peripherals with template projects for the most common
development tools. With the appropriate hardware evaluation board, this allows to get started with
a brand-new micro within few hours.

Each driver consists of a set of functions covering all peripheral features. The development of each
driver is driven by a common API (application programming interface) which standardizes the driver
structure, the functions and the parameter names.

The driver source code is developed in ‘Strict ANSI-C’ (relaxed ANSI-C for projects and example files).
It is fully documented and is MISRA-C 2004 compliant. Writing the whole library in ‘Strict ANSI-C' makes
it independent from the development tools. Only the start-up files depend on the development tools.
Thanks to the Standard Peripheral Library, low-level implementation details are transparent so that
reusing code on a different MCU requires only to reconfigure the compiler. As a result, developers can
easily migrate designs across the STM32 series to quickly bring product line extensions to market
without any redesign. In addition, the library is built around a modular architecture that makes it easy to
tailor and run it on the same MCU using hardware platforms different from ST evaluation boards.

The Standard Peripheral Library implements run-time failure detection by checking the input values for
all library functions. Such dynamic checking contributes towards enhancing the robustness of the
software. Run-time detection is suitable for user application development and debugging. It adds an
overhead which can be removed from the final application code to minimize code size and execution
speed. For more details refer to Section 1.1.5: "Run-time checking".

Since the Standard Peripheral Library is generic and covers all peripheral features, the size and/or
execution speed of the application code may not be optimized. For many applications, the library may
be used as is. However, for applications having tough constraints in terms of code size and/or execution
speed, the library drivers should be used as a reference on how to configure the peripheral and tailor
them to specific application requirements.

The firmware library user manual is structured as follows:

. Document conventions, rules, architecture and overview of the Library package.

» How to use and customize the Library (step by step).

» Detailed description of each peripheral driver: configuration structure, functions and how to use the
provided API to build your application.

The STM32F2xx Standard Peripheral Library will be referred to as Library throughout the document,

unless otherwise specified.
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Abstract

In this thesis, the connection of power electronic converters to the grid and control
of single-phase PWM rectifier have been investigated. After carefully reviewing the
overall structure and behavior of PLL and introducing its various types, a suitable
structure for synchronizing the single-phase rectifier is proposed. The desired
performance of single-phase PWM rectifiers depends on the coherence of the current
and the input voltage with a low THD, while the output voltage has a limited fluctuation
amplitude. Various structures for single-phase rectifiers have been introduced. In this
thesis, the main structure with four power keys has been investigated, and it has been
simulated after designing and providing a suitable controller for achieving the desired
goals with the proposed PLL. The cascade control has been used for controlling the
system. It consists of two nesting loop. The inner loop controls the input current with
slip mode control, and the external loop controls the output voltage using the Pl
controller. In order to verify the accuracy of the simulated results, a 100 VA laboratory
prototype was used and simulation and experimental results were compared. The
simulation and prototype results show that, the input current has a low THD and is
acceptable. The PF of the converter is very close to unit. Also, the voltage controller
stabilizes the output voltage with the least oscillation at the desired voltage level.

Key words: single-phase rectifier, nested control, sliding mode control, phase

locked loop
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