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Fundamental (50Hz) = 20.12 V, (V) , THD= 1.73%
I | | | | I I I |

e
kY

=
n

e
w

=
ha
]

e
[
T

Mag (% of Fundamental)
14
-
I
i

01

Fundamental (50Hz) = 20.23 V, (V) , THD= 1.86%
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IRFP460 gedgm Soleils 1) Comgn

Product specification

PowerMOS transistors
Avalanche energy rated

FEATURES

SYMBOL

IRFP460

QUICK REFERENCE DATA

* Repetitive Avalanche Rated

« Fast switching

« Stable off-state characteristics

= High thermal cycling performance
* Low thermal resistance

Vpss = 500 V
lp = 20 A

Rosion) S 0.27 Q

GENERAL DESCRIPTION Pl

NNING

SOT429 (TO247)

N-channel, enhancement mode

PIN DESCRIPTION

field-effect  power  transistor,
intended for use in off-line switched
mode power supplies, T.V. and
computer monitor power supplies,
d.c.tod.c. converters, motor control
circuits and general purpose
switching applications.

The IRFP460 is supplied in the
S0OT429 (TO247) conventional
leaded package.

1 gate
2 drain
3 source

tab |drain

LIMITING VALUES

Limiting values in accordance with the Absolute Maximum System (IEC 134)

SYMBOL |[PARAMETER CONDITIONS MIN. MAX. UNIT
Voss Drain-source voltage T,=25"Cto 150°C - 500 \
Voar Drain-gate voltage T, =25 'Cto 150°C; Rgs = 20 k2 - 500 Vv
Vs Gate-source voltage - +30 \"
o Continuous drain current Tw= 25'C; Vgs=10V - 20 A
T =100 C; Vgs =10V - 124 A
lou Pulsed drain current T =25°C - 80 A
Po Total dissipation Too=25"C h 250 W
T Tag Operating junction and -55 150 "C
storage temperature range
AVALANCHE ENERGY LIMITING VALUES
Limiting values in accordance with the Absolute Maximum System (IEC 134)
SYMBOL |PARAMETER CONDITIONS MIN. MAX. UNIT
Eis Non-repetitive avalanche Unclamped inductive load, |, = 20 A; . 1300 mJ
energy t,= 0.2 ms; T, prior to avalanche = 25°C;
Voo €50 V; Rgg = 50 2, Vgs =10V
Eun Repetitive avalanche energy [l.; = 20 A;t, = 2.5 pus; T, prior to - 32 mJ
avalanche =25'C; Rgg =50 Q; Vgs = 10V
lag, lag Repetitive and non-repetitive - 20 A
avalanche current
1 pulse width and repetition rate limited by T, max.
September 1999 1 Rev 1.000
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Philips Semiconductors Product specification
PowerMOS transistors IRFP460
Avalanche energy rated

THERMAL RESISTANCES
SYMBOL |PARAMETER CONDITIONS MIN. | TYP. | MAX. | UNIT
Ry s Thermal resistance junction - - 0.5 | KW

to mounting base
R, . Thermal resistance junction |SOT429 package, in free air - 45 - KW
to ambient

ELECTRICAL CHARACTERISTICS

T, = 25 'C unless otherwise specified
SYMBOL |PARAMETER CONDITIONS MIN. | TYP. | MAX. | UNIT
Vgross | Drain-source breakdown Vas=0V:lp=0.25 mA 500 - - \

voltage
AV gross /| Drain-source breakdown Vs = Vas: Ip = 0.25 mA - 0.1 - %IK
AT, voltage temperature
coefficient
Rpsony  |Drain-source on resistance Vs =10 VI, =10A - 02 |027 | Q
Vasao, Gate threshold voltage Vs = Vas: Ip = 0.25 mA 20 | 3.0 | 40 v
?.. Forward transconductance |Vps=30V;1,=10A 13 18 - S
bss Drain-source leakage current VE: =500 V:[‘IGS =0V - 2 50 pA
Vps =400 V; Vs =0V, T =125°C - 100 | 1000 | pA
loss Gate-source leakage current |Vgs =430V V=0V - 10 | 200 | nA
Qoo Total gate charge lb=20 A; Vppo=400V; Vge =10V - 147 | 190 | nC
Q,, Gate-source charge - 12 18 | nC
Q4 Gate-drain (Miller) charge - 78 | 100 | nC
= Turn-on delay time Voo =250 V; Rp= 12 Q; - 23 - ns
t Turn-on rise time R;=3.90 - 72 - ns
taom Tum-off delay time - 150 - ns
t Turn-off fall time - 75 - ns
Ly Internal drain inductance Measured from tab to centre of die - 3.5 - nH
Ly Internal drain inductance Measured from drain lead to centre of die 4.5 - nH
L, Internal source inductance Measured from source lead to source - 7.5 - nH
bond pad
Ce Input capacitance Ves =0V Ve =25V, f=1MHz - |3000| - pF
G Output capacitance - 480 - pF
Cius Feedback capacitance - 270 - pF

SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS

T = 25 "C unless otherwise specified
SYMBOL |PARAMETER CONDITIONS MIN. | TYP. | MAX. | UNIT
lg Continuous source current | T,,,=25C - - 20

Lbady diode)
Is ulsed source current (body |T,,=25C - - 80
Veo D|ode forward voltage ls=20A;Vgs=0V - - 1.5
* Reverse recovery time ls =20 A; Vgs =0V, difdt = 100 Alps - 900 - ns
Q, Reverse recovery charge - 15 pc
September 1999 2 Rev 1.000
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International
IGR Rectifier

IR2110(S)/IR2113(S) & (PbF)

Dynamic Electrical Characteristics

Veias (Vcc. VBs, Vop) = 15V, C = 1000 pF, Ta = 25°C and Vgs = COM unless otherwise specified. The dynamic
electrical characieristics are measured using the test circuit shown in Figure 3.

Symbol Definition Figure | Min. | Typ. [Max. | Units |Test Conditions|
ton Turn-on propagation delay 7 — 120 | 150 Vs =0V
tof Turn-off propagation delay 8 — 94 125 Vs = 500V/600V
tsd Shutdown propagation delay 9 — 110 | 140 i Vs = 500V/600V
i Turn-cn rise time 10 — 25 35
i Turn-cff fall time 11 —_ 17 25
MT Delay matching, HS & LS~ (IR2110) = — — | 10
turn-on/off {IR2113) — — — 20

Static Electrical Characteristics

Veias (Vcc, Vs, Vo) = 15V, Ta = 25°C and Vgs = COM unless otherwise specified. The VN, VT and |y parameters
are referenced to Vs and are applicable to all three legic input leads: HIN, LIN and SD. The Vp and I parameters are
referenced to COM and are applicable to the respective cutput leads: HO or LO.

Symbol Definition Figure | Min. | Typ. Max.| Units |Test Conditionsl
ViH Logic “1” input voltage 12 95 — —
Vi Logic “0 input voliage 13 — — 6.0
VoH High level cutput voltage, Veias - Vo 14 — — 1.2 v Io =0A
VoL Low level output voliage, Vo 15 — — 0.1 lo =0A
K Offset supply leakage current 16 — — 50 Vg=Vs = 500V/600V
logs Quiescent Vgs supply current 17 — 125 | 230 Vin=0VorVpp
lace Quiescent Ve supply current 18 — 180 | 340 - Vin =0V orVpp
lopp Quiescent Vpp supply current 19 — 15 30 ViN =0V or Vpp
line Legic “17 input bias cumrent 20 — 20 40 ViN=VDD
IiN- Legic “0” input bias cumrent 21 — — 1.0 ViN=0V
Vesuv+ Vas supply undervoltage positive going 22 75 8.6 97
thresheld
VBSUV.- Vgs supply undervoliage negative going 23 7.0 8.2 94
threshcld
Vecuvs | Vee supply undervoliage positive going 24 74 | 85 | 96
threshold v
Vecuv- Ve supply undervoliage negative going 25 7.0 8.2 94
threshold
o+ Output high short circuit pulsed current 26 20 25 — Vo=0V,ViN =VDD
PW<10 us
lo- Qutput low shert circuit pulsed current 27 20 25 — o Vo=15V,ViN=0V
PW <10 us
www.irf.com 3
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International
TOR Rectifier

IR2110(S)/IR2113(S) & (PbF)

Absolute Maximum Ratings

Absolute maximum ratings indicate sustained limits beyond which damage to the device may occur. All voliage 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.

Symbol Definition Min. Max. Units
Ve High side floating supply voltage (IR2110) -0.3 525
(IR2113) 0.3 625
Vs High side floating supply offset veltage Vg -25 Vg +0.3
Vo High side floating output voltage Vg-03 Vp+03
Vee Low side fixed supply voltage -0.3 25 -
Vio Low side output voltage 0.3 Ve +03
Voo Logic supply voltage 0.3 Vss + 25
Vss Logic supply offset voltage Vee-25 Ve +0.3
ViN Logic input voltage (HIN, LIN & SD) Vss - 0.3 Vpp +0.3
dVg/dt Allowable offset supply voltage transient (figure 2) — 50 Vins
Pp Package power dissipation @ Ta < +25°C (14 lead DIP) — 16
(16 lead SOIC) - 1.25 »
RTHIA Thermal resistance, junction to ambient (14 lead DIP) — 75 .
(16 lead SOIC) - 100 o
Ty Junction temperature — 150
Ts Storage temperature -55 150 °C
T 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 Vs 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

Ve High side floating supply absolute voliage Vg + 10 Vg + 20

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

(IR2113) Note 1 600

VHO High side fioating output voltage Vs Ve

Vee Low side fixed supply voltage 10 20 v
Vio Low side output voltage 0 vce

Voo Logic supply voliage Vgs+3 Vgs+ 20

Vss Legic supply cffset voliage -5 (Note 2) 5

ViN Logic input voltage (HIN, LIN & SD) Vss Voo

TA Ambient temperature -40 125 °C

Note 1: Logic operational for Vg of -4 to +500V. Logic state held for Vg of -4V o -Vgs. (Please refer to the Design Tip
DT97-3 for more details).
Note 2: When Vpp < 5V, the minimum Vss offset is limited to -Vpp

2
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Data Sheet No. PD60147 Rev.T

International
ISR Rectifier IR2110(S)/IR2113(S) & (PbF)
HIGH AND LOW SIDE DRIVER

Features Product Summary
® Floating channel designed for bootstrap operation
Fully operational to +500V or +600V VorrFseT (IR2110) 500V max.
Tolerant to negative transient voltage (IR2113) 600V max.
dV/dt immune
® Gate drive supply range from 10 to 20V lot+/- 2A 1 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 ton/off (typ.) 120 & 94 ns
® CMOS Schmitt-friggered inputs with pull-down .
® Cycle by cycle edge-triggered shutdown logic Delay Matching (llggy‘ll%) 12% T
® Matched propagation delay for both channels ( ) ns max.

® Outputs in phase with inputs

o Also available LEAD-FREE Packages

Description

The IR2110/IR2113 are high voltage, high speed power MOSFET and
IGBT drivers with independent high and low side referenced output 16-Lead SOIC
channels. Proprietary HVIC and latch immune CMOS technologies 14Lead PO o S/IR2113S
enable ruggedized monolithic construction. Logic inputs are compat- | 'R2110/IR2113

ible 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. Propaga-
tion 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.

Typical Connection up o 500V or 600V
— HO —l ED T
Voor— Vo Ve
HIN an HIN v, -
She SD — X o-OAD
LINe LIN Vee -
Ve o Ve, COM |- ED
Ve o—l — LO
-
(Refer to Lead Assignments for correct pin configuration). This/These diagram(s) show electrical
connedtions only. Please refer to our Application Notes and DesignTips for proper circuit board layout
www.irf.com 1
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IR2110(S)/IR2113(S) & (PbF) Internationol
TGR Rectifier
Functional Block Diagram
: " —
L uv I
Vob—> i DETE Z 5 [
| LEVEL PULSE R . HO
i o T i [ E .
HIN LEVEL !
:'I g 1 shet | Hpuse —|E v,
1 GEN I |
]
sb 1 i>— F l\-‘u
| w :
1 DETEC
LJNQ—i— D . -+ fo
| SHIFT ~| |
1 R DELAY !
]
Vss:q, | COM
e e e e e e e e o
Lead Definitions
Symbol| Description
Vpp Logic supply
HIN Logic input for high side gate driver output (HO), in phase
SD Logic input for shutdown
LIN Logic input for low side gate driver output (LO), in phase
Vss Logic ground
Ve High side floating supply
HO High side gate drive output
Vs High side floating supply return
Vee Low side supply
LO Low side gate drive output
COM Low side return
Lead Assignments
=] wo [7]
=] Wo [ 7~ ] ve [T
& vwo vs [ [ voo vs [9]
[TE] wna vs [F 12| N -
0T e s (i3] so -
] u vee [ O] un veo [
(] ves com [T [O5] vss com [ 7]
= e R E M~ e E
_16 Lead EDIP 16 L_ead SOIC (Wide Body)
IR2110/IR2113 IR311OS.~'IE1 138
4 www.irf.com
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74

STM32F103xC STM32F103xD

STM32F103xE

High-density performance line ARM-based 32-bit MCU with 256 to
512KB Flash, USB, CAN, 11 timers, 3 ADCs, 13 communication interfaces

Features

m Core: ARM 32-bit Cortex™-M3 CPU
— 72 MHz maximum freguency,
1.25 DMIPS/MHz (Dhrystone 2.1)
performance at 0 wait state memory
access

- Single-cycle multiplication and hardware
division
m Memories
— 256 to 512 Kbytes of Flash memory
— up to 64 Kbytes of SRAM

— Flexible static memory controller with 4
Chip Select. Supports Compact Flash,
SRAM, PSRAM, NOR and NAND memories

— LCD parallel interface, 8080/6800 modes
m Clock, reset and supply management
— 2.01o 3.6 V application supply and I/Os

- POR, PDR, and programmable voltage
detector (PVD)

—~ 4-t0-16 MHz crystal oscillator
- Internal 8 MHz factory-trimmed RC
- Internal 40 kHz RC with calibration
— 82 kHz oscillator for RTC with calibration
m Low power
— Sleep, Stop and Standby modes
— Vpgar supply for RTC and backup registers
m 3 x 12-bit, 1 us A/D converters (up to 21
channels)
— Conversion range: 0to 3.6 V
- Triple-sample and hold capability
— Temperature sensor
B 2 x 12-bit D/A converters
m DMA: 12-channel DMA controller
— Supported peripherals: timers, ADCs, DAC,
SDIO, 12Ss, SPIs, I°Cs and USARTS
m Debug mode
- Serial wire debug (SWD) & JTAG interfaces
-~ Cortex-M3 Embedded Trace Macrocell™

April 2011

LAQFPE4 10 x 10 mm,
LQFP100 14 x 14 mm,
LQFP144 20 x 20 mm

® 5 =
WLCSPE4

LFBGA100 10 x 10 mm
LFBGAT44 10 x 10 mm

Table 1.

Up to 112 fast I/O ports

- 51/80/112 1/Os, all mappable on 16
external interrupt vectors and almost all
5 V-tolerant

Up to 11 timers

— Up to four 16-bit timers, each with up to 4
IC/OC/PWM or pulse counter and
quadrature (incremental) encoder input

— 2 x 16-bit motor control PWM timers with
dead-time generation and emergency stop

— 2 x watchdog timers (Independent and
Window)

— SysTick timer: a 24-bit downcounter

— 2 x 16-bit basic timers to drive the DAC

Up to 13 communication interfaces

- Up to 2 x I°C interfaces (SMBus/PMBus)

— Up to 5 USARTSs (ISO 7816 interface, LIN,
IrDA capability, modem control)

— Upto 3 SPIs (18 Mbit/s), 2 with 1%s
interface multiplexed

— CAN interface (2.0B Active)

— USB 2.0 full speed interface

— SDIO interface

CRC calculation unit, 96-bit unique ID
ECOPACK® packages

Device summary

Reference Part number

STM32F103xC

STM32F103RC STM32F103VC
STM32F103ZC

STM32F103xD

STM32F103RD STM32F103VD
STM32F103ZD

STM32F103xE

STM32F103RE STM32F103ZE
STM32F103VE

Doc ID 14611 Rev 8
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Abstract:
This thesis proceed on modeling and control of three phase fout-leg voltage

source inverter, and propose two new methods to control. The first technique is on
base of decoupling and control of system with the aid of state-feedback controllers,
however second method decouples system via voltage-feedback control law. In both
of them, modeling and control desing procedure has been discussed completely and
stability, output-to-distribance responses etc. has been evaluated. Proposed control
strategies have no complexity and so are easy to implement, because of operation in
abc coordinates and simple stracture. also thay have acceptable performance in
unbalanced conditions. Simulation results prove ability of proposed control strategies
to reduce the errors of tracking output references with minimum THD and %VR. To
test one of proposed control methods in real conditions, An experimental setup of
three phase voltage source inverter has been established with its additional
requirment devices. Here in this thesis, settup has been introduced well and control
implementation procedure has been presented. Exprimental results show acceptable

response of control strategy with unbalanced conditions.

Keywords: Three phase four-leg voltage source inverter, unbalanced load,
inverter average model, inverter decoupling startegies, four-leg inverter modulation
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